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ABSTRACT

This report is intended to serve as a conpanion to an
anal ogous document on soil sanpling quality assurance. Prior to
t he design of an adequate QA/ QC plan for sedinent sanpling there
nmust be agreenent on the objectives of the sanpling program
Clear answers to the follow ng questions should be avail abl e:
How wi Il the resulting data be used to draw concl usions? Wat
actions may be taken as a result of those conclusions? Wat are
the allowable errors in the results? Once answers to these
guestions are avail abl e an experinental protocol may be prepared
W th an appropriate statistical design and QY QC pl an.

An overview of selected sedinent nodels is presented to
serve as a foundation for stratification of study regions and
sel ection of locations for sanpling sites, nmethods of sanpling,
and sanple preparation and anal yses. Di scussions of situations
relating to rivers, | akes, and estuaries are included.
Obj ectives of QN QC plans are presented agai nst a backdrop of
obj ectives for sediment sanpling. A suggested m ninmal QA QC plan
for sedinment sanpling is presented. In relation to different
operational situations suggested gui del i nes are given for Ty?e I
and Type |l errors and mnimal relative differences from
background or action levels to be detected.

Statistical considerations presented include experinental
statistical designs to enable ANOVA to be acconplished,
di scussion of Type | and Type Il errors, nunbers and |ocations of
sanpling sites, bias, confidence and prediction limts, outliers,
and testing of hypotheses. Sone exanples are given to illustrate
the principles. The inportance of an exploratory study to the
cost-effective achievenent of the overall objectives of a
sedi nent sanpling program is enphasized. A hypot heti cal case
study related to an abandoned hazardous waste site is defined.
Study objectives are presented. An exploratory study is
designed, inplenented and hypothetical data presented. The
hypot hetical data are then wused to design a final nore
definitive study to achieve the objectives.
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CHAPTER 1
SEDI MENT SAMPLI NG QUALI TY ASSURANCE USER S GUI DE

| NTRODUCTI ON

U.S. Environnental Protection Agency (USEPA) quality
assurance policy requires that every nonitoring and neasurenent
project nmust have a witten and approved quality assurance (QA)
project plan (USEPA, 1980). The sixteen elenents which nust be
contained in all QA project plans are listed below with sone
brief explanatory notes.

(1) Title page with provision for approval signatures.

(2) Table of Contents. (This must include a serial listing
of each of the 16 QA project plan conponents.)
(3) Project descri ption. (A general description of the

proj ect should be provided together with the intended
end use of the acquired data.)

(4 Project organization and responsibility. (List the key
i ndi viduals, including the QA officer, who are
responsible for ensuring the collection of wvalid
measurenent data and the routine assessnent of
measur enment systens for precision and accuracy.)

(5) QA objectives for neasurement data in terns of
preci sion, accuracy, conpleteness, representativeness,
and conparability. (For each mmjor neasurenent
paranmeter list the QA objectives for precision, accuracy
and conpl eteness. Al neasurenents nust be nade so that



(11)

results are representative of the nedia and conditions
bei ng measured.)

Sanpling procedures. (For each nmajor neasurenent
paraneter(s), including all pollutant neasurenent
systens, provide a description of the sanpling
procedures to be used.)

Sanpl e cust ody. (Where sanples may be needed for |ega
pur poses, "chain-of-custody" procedures wll be used.)
calibration procedures and frequency. (I'nformation
shoul d be provided on the calibration standards to be
used and their source(s).)

Anal yti cal procedures. (Describe the analytica
procedures to be wused for each nmmjor neasurenent
paraneter.)

Data analysis, validation and reporting. (This wll
include the principal criteria that wll be used to

validate data integrity during collection and reporting
of data as well as nmethods used to treat outliers.)
Internal quality control checks. (Examples of itens to
be considered include: replicates, spike sanples, split
sanpl es, control charts, blanks, internal standards,
span gases, quality control sanples, surrogate sanples,
calibration standards and devices, and reagent checks.)
performance and systens audits. (Each project plan nust
describe the internal and external perfornmance and
systens audits which will be required to nonitor the
capability and performance of the total nmeasurenent
systen(s).)
Preventive maintenance. (This should include a schedul e
of inmportant preventive maintenance tasks as well as
I nspection activities.
Specific routine procedures used to assess data
preci sion, accuracy and conpl et eness. (These procedures
should include the equations wused to calculate
preci sion, accuracy and conpl eteness, and the nethods
2



The nodels range from sinple, steady state, dissolved oxygen
relationships to very conplex nodels describing the
I nterrel ationships anong pollutant additions and renovals,
organic matter concentrations, and life processes occurring in
aquatic environments. Many pollutants can be transported in
suspended solid form or adsorbed on suspended particul ates.
Unfortunately, the dynamcs of the novenent of pollutants
adsorbed on sedinents is not well understood.

Sedinents play an inportant role in the transport of
pollutants as well as in the transport of nutrients. Both the
pol lution and nutrient aspects nust be consi dered. Sedi ments can
overwhel m bottom fauna, but the nutrients they carry can give
rise to new biota.

In choosing an appropriate nodel, a conparison should be
made of avail able nodels. A nodel should be fitted to the
probl em and not vice versa. | f conplete validated nodels are not
avail able for the pollutants and other site-specific conditions
of a problem it still my be possible to use portions of
avai |l able nodels, or other enpirical field experience in the
cost-effective design of sedinent sanpling prograns.

The responsibilities of National Program Managers in the
USEPA Mandatory Quality Assurance Program include ensuring that
data quality acceptance criteria and QA Project Plans are
prepared for all data collection projects sponsored by their
of fices.

This requires the devel opnent of data quality objectives
(DQCs) . DQ>s are qualitative and quantitative statenents
devel oped by data users to specify the quality of data needed
froma particular data collection activity.

DQ0s are the basis for specifying the quality assurance and
quality control activities associated with the data collection
process. QA Project Plans clearly describe what will be done at
each stage of data collection (i.e., sanple site selection
sanple collection, sanple handling and analysis, and data
handling and analysis) and include instructions or standard

3



operating procedures for each field and | aboratory activity.
Sonme possi bl e objectives for sedinment sanpling are:

0 Determ ning the extent to which sedinments act as either
sources or sinks for water pollutants,

0 Determ ning presence and distribution of selected
pol lutants in sedinments in both space and tineg,

0 Determning the risk to human health and/or the

environnent from sedi nent contam nation by selected
pol | utants, and

0 Taking neasurenents for validation of sedinent
transport and deposition nodels.
Under nost circunstances, background data wll not be

avail able for a given nonitoring |ocation. These data nust be
acqui red before, or preferably during, any sedi nent nonitoring
program The intensity of the background sanpling that is
undertaken depends upon the pollutants being neasured, the
sedi nent characteristics and variability, the levels of pollutant
likely to be found in the study area and the purpose of the study.
QM QC procedures are just as critical for the background
nmeasurenments as they are for the study area nmeasurenents.

Wien sedinents are contam nated, drinking water or human
foods, contamnated directly or indirectly through contact wth
sedi ments, nmay be unfit for human consunpti on. As the hazardous
constituents nove through different trophic levels, substantial
bi omagni fication of contam nants nmay take place.

The steps outlined below are designed to provide a sedi nent
nmonitoring effort with mniml needed sanple precision and
representativeness.

0 Determ ne the conponents of variance that should be
built into the statistical design

0 Choose the allowable probabilities for Type | and Type
Il errors and the difference in nmeans considered to be
significant. (These are the DQ0Os and they are needed

together with an estimate of the coefficient of
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variation to determne the nunber of sanples required
In each stratified region.)

0 otain sanpling data from studies wth simlar
characteristics to the one of interest. (Estimates of
coefficients of wvariation are of particualr
| npor tance.)

0 Cal cul ate the nean and note the range of each set of
duplicates (co-located independent sanples).

0 Using results from previous studies, develop a table of

critical difference values for duplicate sanple results
for various concentrations that span the range of
concentrations of interest. Use this table to accept
or reject sets of duplicates.
Suggestions for additional elements of a nore conplete QN QC
plan are provided in the text.
The DQO gui delines below are suggested for the indicated

operational situations.

Confi dence Power Rel ative
Level (1-8) | ncr ease*
(1-a)
Prelimnary Site
I nvestigation 70-80% 90- 95% 10- 20%
Emer gency C eanup 80-90% 90- 95% 10- 20%
Pl anned Renoval and
Renedi al Response
Activities 90- 95% 90- 95% 10- 20%

* Relative Increase from Background or an Action Level to be
Detectable with Probability (1=g)



Statistical sanpling plans are based on assunptions
concerning the probability distributions of the neasurenents to
be nmade. The properties of a normal distribution are so
desirable that, if the data are not normally distributed, a
transformation is sought to convert the existing distribution
into a new distribution which is approximtely normal.

The maxi mum probability allowed for a Type | error is called
the significance | evel of the test of hypothesis and is commonly
denoted by al pha (a). The probability of a Type Il error is
usual ly denoted by beta (B8) and is typically a function of a,
sanple size, and the size of the deviation from the nul
hypot hesi s. The probability that the alternative hypothesis wl |
be accepted when it is true is called the power of the test and
may be denoted by (1- 8. Typically, the experinmenter wll
specify the smallest deviation from the null hypothesis that he
considers to be scientifically, economcally, or environnentally
inportant to detect and then specifies the power of the test that
he wants for that specific alternative.

The Quality Assurance Oficer, supported by a qualified
statistician, should be intimately involved in the review of the
experinmental or sanpling design proposed by the investigator. He
should insure that the information obtained provides neasures of
t he conponents of variance that are identified in the field.

Conposite sanples provide only an estimte of the nean of
t he population from which the sanples formng the conposite are
dr awn. No estimate of the variance of the mean, and hence, the
precision with which the nean is estimated can be obtained from a
conposite of sanples. Since the primary purpose of Q¥ QC is to
nmeasure the precision of the sanples obtained, the conpositing of
sanpl es should be avoided if at all possible.

Split sanples, spiked sanples and blanks are used to provide
a neasure of the internal consistency of the sanples and to
provide an estimate of the conmponents of variance and the bias in
the anal ytical process. The nunber of QA/ QC sanples needed is
suggested as one out of every twenty sanples for nost categories
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of sanpl es. I n some instances this guideline may not be adequate
while in others it may provide nore sanples than are necessary.
It is good practice to perform an initial exploratory study
i n which, anong other things, QA QC sanples in excess of the
gui del i ne recomrendati ons are collected and anal yzed. Anal ysis
of the resulting data will provide a better estimate of the
optimum required nunber of QA QC sanples of different types.
Typically, one wishes to estimate the concentration of
neasured pollutants in the sedinents and to indicate the

preci sion of these estinates. To indicate precision of an
estimate, one may provide the standard error or a confidence
interval for the expected value of the concentration. The

confidence interval is bounded by confidence limts. Confidence
limts are bounds of uncertainty about the average caused by the
variability of the experinent.

Prediction limts are simlar to confidence limts but are
used to identify an interval into which a randomy chosen future
sanpl e value should fall. Equati ons for both confidence and
prediction limts are provided along with an exanple cal cul ation.

A problemthat is particularly prevalent in data obtained
fromfield sanples is that of outliers. The cause of the outlier
may be an error of procedure in sanpling, subsanpling, chem ca
anal ysis, or the transcribing of data; or it may be due to an
anomaly that would indicate that a change is required in the
assuned nodel for the process. Qui delines are provided for
rejectihg outliers, however, there are many problens with outlier
tests. If at all possible, prior to rejecting values as
outliers, repeat neasurenents should be nade on the sane or
nearly identical sanples.

Once objectives have been defined which involve the need for
sedi rent sanpling, the next step is to develop a total study
protocol including an appropriate QA QC project plan. The
reconmended approach is to conduct an exploratory study first
that includes both a literature and information search along with

-



selected field neasurenents nmade on the basis of sone assuned
transport nodel.

To provide a framework for the discussion, a hypothetical
situation involving an abandoned hazardous waste site is
descri bed. The established objective for this hypothetical
situation is to conduct an environmental assessment of the site
and its environs to determ ne whether a short or long term hazard
to man or the environment exists. |f a hazard exists, its nature
and extent nust be defined and appropriate reconmendati ons nade
to bring the hazard under control A study teamis organized to
address the problem and the sedinent study group’'s task is to
identify and nmake an assessnment of potential problens associated
with sediments in a nearby river and estuary.

Questions which nust be answered, at least in part, by the
expl oratory study include:

0 What wastes have been placed at the disposal site over
what tinme periods?
0 What chem cals in what anounts have escaped fromthe

site via what transport routes and what is the present
geogr aphi cal extent of these chem cal s?

0 What adverse effects on human health or the environment
have been reported in the site vicinity?

0 What is an appropriate background region to use for the
st udy?

Before taking any field neasurenents, a conprehensive literature
and information search should be conducted to determ ne what

information may already be available. The results of the
exploratory study wll provide information and field data that
wll serve as the basis for the design of a nore definitive

monitoring study. Thus, any field neasurenents taken should
I ncl ude appropriate QA QC neasures to determne the quality of
t he data.

The hypothetical case study is devel oped step by step. Data
quality objectives are identified, a grid systemis defined, the
study area is stratified, a background region is selected, nunber

8



and |ocations of sites for sanpling are determned, and an
appropriate QA QC project plan is prepared.

In general, the sinplest sanpling tool deened to be adequate
shoul d be used. The advantages and di sadvantages of some bottom
sanplers and sonme coring devices are presented in tables.

One of the possibilities for error during the sanpling
process i s discarding non-sedinent material collected with the
sedi nent sanples prior to analysis. It is suggested that all
such discarded naterial be retained. Ten percent of these
sanpl es should be sent to the analytical |aboratory for analysis
w th the remai nder being archived.

If the exploratory study is conducted well, it will provide
sone data for achieving the objectives of the study; it wll
provi de data concerning the feasibility and efficacy of nost
aspects of the study design including the Q¥ QC plan; it wll
serve as a training vehicle for all participants; and it wll
pi npoi nt where additional neasurenents need to be made.

Following analysis and interpretation of the information and
data resulting from the exploratory study, the next step is the
design of the final definitive study. Any problens with the
QY QC plan noted should be solved by appropriate nodifications of
t he plan. The procedure is illustrated by extending the
hypot heti cal case study based on assuned data obtained fromthe
expl oratory study.

In view of conclusions reached on the basis of the assunmed
data, the follow ng questions which should be answered in the.
definitive study are identified:

0 How far down the stream are the sedinments significantly
cont am nat ed?

0 What are the relative contributions of surface water
and groundwater to the contam nation of sedinents?

0 How are the sedinent |evels changing as a function to
time?

0 What |evels of contam nation in human foods are derived

directly or indirectly through contact with sedi nent?
9



0 What is the inpact of contam nated sedi ments on aquatic
bi ot a?
0 How should the study area be stratified in the
definitive study?
A table is provided giving the nunber of sanples required in
a one-side, one-sanple t-test to achieve a mninum detectable
relative difference at confidence |level (1-a) and power (1-8).
In this table the coefficient of variation varies from 10 to 35%
the power from 80 to 95% the confidence |evel from80 to 99%
and the m ninmum detectable relative difference from5 to 40% An
equation is provided to calculate values not included in the
t abl e.
The required frequency of sanpling depends on the objectives
of the study, the sources and sinks of pollution, the
pol lutant(s) of concern, transport rates, and di sappearance rates.

Assessnment of trends in tinme wll establish whether sedinent
concentrations are increasing, decreasing, or remaining fairly
| evel . Eval uations of these trends wll be inportant to

sel ection of appropriate renedial response neasures.

The analysis and interpretation of QVQC from the nore
definitive study should show how all aspects of the total QA QC
pl an conbine to give an overall level of reliability for various
aspects of the resulting data. Another goal nmay be to determ ne
whet her all QA/ QC procedures used were necessary and adequate.
It is desirable to provide summari zed tables of validated QA QC
data in the final report. From such tables it is possible to
determ ne bias; precision; conponent random errors associ ated
with reproducibility, extract matrix, sanple matrix, and sanple
homogeneity; interlaboratory precision; and uncertainty.
Presentation of QN QC data also contributes to the building of a
body of data in the literature which allows conparisons to be
made between and anong st udi es.

Data from the nore definitive study describing variations in
sedi nent concentrations wth depth wll show how effective
dredging to different depths mght be in the renoval of the

10



cont am nati on. If dredging is even contenplated, safe and
effective nethods for disposing of the dredge spoil nust be
avai | abl e.

11
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SEDI MENT SAMPLI NG QUALI TY ASSURANCE USER S GUI DE

PROQJECT SUMVARY

U.S. Environnental Protection Agency (USEPA) quality
assurance policy requires that every nonitoring and neasurenent
project nmust have a witten and approved quality assurance (QA
project plan. Among the sixteen elenents which nust be contained
in all QA project plans are the follow ng:

0 Proj ect description

0 QA objectives for neasurenent data in ternms of

precision, accuracy, conpleteness, representativeness,
and conparability.

Data anal ysis, validation, and reporting

Specific routine procedures used to assess data
preci sion, accuracy, and conpl eteness

This report, which is a conpanion to an anal ogous docunent
on soil sanpling quality assurance, addresses selected factors
associated with the application of quality assurance/quality
control (QAV Q0 gquidelines to sedinent sanpling. In order to
make this report nore self-contained, chapters from the conpanion
soil report covering such topics as sanple handling, analysis of
QA QC data, and system audits, which are equally applicable to
sedi nent sanpling, are contained verbatimin the appendi ces.

The nost inportant consideration for sedinent sanpling is
the objective for which the sanpling is being done. The
statenent of objectives should contain clear answers to the
foll ow ng questions:

0 How will the resulting data be wused to draw

concl usi ons?



0 Wat actions nmay be taken as a result of these
concl usi ons?

o Wat are the allowable errors in the results?
Once answers to these questions are available an appropriate
statistical design for the sanpling and analysis program to
i nclude an adequate and verifiable QA QC project plan for the
study, can be devised.

Prior to the establishnent of an adequate, cost-effective
QN QC plan for sedinment nonitoring prograns, a decision-nmaking
official, after careful analysis of the consequences, nust
specify allowable Type | and Type Il errors in the results. A
Type | error, for a situation in which a neasured popul ati on nean
is being conpared to either an action level or a control |evel,
Is commtted when it is concluded that the population nean
exceeds the action or control level when in fact it does not.

For the sanme situation, a Type Il error is commtted when it is
concl uded that the popul ati on nean does not exceed the action or
control level when in fact it does. The desired m ninmum

detectabl e difference between a neasured popul ation nean and
either an action, or a control |evel nust also be specified.

The goal of this docunent is to provide a flexible, but
technically sound, framework within which the user can devise a
Q¥ QC plan consistent with the specific objectives of any
sedi ment nonitoring program The document has been devel oped to
serve as a user’s guide for anyone designing, inplenenting
or overseeing sediment nonitoring prograns.

The extent to which adequate field-validated nodels exist
for describing sedinent transport and deposition has a direct
bearing on the design of cost-effective sedinent nonitoring
programs. Generally, when adequate nodels exist, fewer
nonitoring neasurenents are required to assess pollutant |evels
and their significance. Accordingly, this report presents a
brief review of some available sedinent transport nodels after
first providing some background definitions and di scussions.
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used to gather data for the precision and accuracy
cal cul ations.)

(15) Corrective action. (This must include the predeterm ned
limts for data acceptability beyond which corrective
action is required as well as specific procedures for
corrective action.)

(16) Quality assurance reports to managenent. (These reports
shoul d include a periodic assessment of neasurenent data
accuracy, precision and conpleteness as well as an
I dentification of significant QA problens and
recommended sol utions. USEPA, 1980)

In this report sonme of the factors associated wth the
application of these general guidelines to sedinment sanpling wl|
be addressed.

BACKGROUND

This report is intended to serve as a conpanion to an
anal ogous docunment on soil sanpling quality assurance (Barth and
Mason, 1984). \Wiile considerable effort is expended to make this
report self-contained, it is not considered desirable to repeat
all the applicable detailed discussions and explanations
contained in the soil sanpling report.

The nost inportant consideration for sedinent sanpling, as
for sanpling any other nedia, is the objective for which the
sanpling is being done. The statenent of objectives should
contain clear answers to the follow ng questions:

0 How will the resulting data be used to draw concl usions?

o Wiat actions nmay be taken as a result of those

concl usi ons?

o \Wat are the allowable errors in the results?

Once answers to these questions are available, an
appropriate statistical design for the sanpling and anal ysis
program nust be devised. This statistical design should yield
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data from which an analysis of variance conponents nmay be done.
The anal ysis of variance should identify conponents of variance
associated with sanpling, sanple preparation, extraction, and
anal ysi s.

The statistical design of the experinment should incorporate
an adequate and verifiable quality assurance/quality contro
(QV Q) program for the overall study. Control is defined as the
system of activities required to provide a quality product,
whereas quality assurance is the system of activities required to
provi de assurance that the quality control systemis performng
adequatel y. It cannot be overenphasized that an adequate QA QC
program cannot be tailored for a study until a clear statenent of
noni toring objectives, together with allowable errors, has been

provi ded.
Oten actions may not be taken on the basis of nonitoring
nmeasurenents in a single nedium such as sedi nents. If one is

concerned about risks to hunman health or the environnent, for

exanpl e, concentrations of hazardous substances in sedinents may
not provide sufficient information on which to base the magnitude
and extent of necessary control actions. For such a risk
analysis it nmay be necessary in addition to neasure
concentrations of hazardous substances in surface waters,

groundwater, and foodstuffs to obtain some neasure of the
bi ol ogi cal availability of the hazardous substances in sedinents
which can be related to potential exposures via various routes.

In cases in which sedinent sanpling is only a part of the total

nonitoring program it is mandatory to nodify the Q& QC program
to cover all aspects of the total program to ensure that the
total conbined errors in the final results wll not exceed
allowable errors (MNelis et al., 1984).

Prior to engaging in a nore detailed discussion of QN QC
aspects for sedinent sanpling, it is desirable to present and
di scuss sone possible sedinment nonitoring objectives.
bj ectives of sedinment sanpling may include:
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0 Determ ning the extent to which sedinments act as either
sources or sinks for water pollutants,

0 Determ ning presence and distribution of selected
pollutants in sedinents in both space and tine,
0 Determning the risk to human health and the

environnent from sedi nent contam nation by selected
pol lutants, and
0 otai ning neasurenents for validation of sedinent

transport and deposition nodels.
Further discussion of these objectives in Chapter 3 includes
sonme hypothetical exanples related to different environnental
protection |aws.

To establish an adequate, cost-effective Q¥ QC plan for a

sedi ment nmonitoring program it is necessary for a
deci sion-making official after careful analysis of the
consequences to specify allowable Type | and Type Il errors in
reachi ng conclusions based on sanple data. A Type | error, for a
situation in which a neasured population nmean is being conpared
to either an action level or a control level, is conmtted when
It Is concluded that the popul ati on nean exceeds the action or
control level when in fact it does not. For the same situation,
a Type Il error is commtted when it is concluded that the
popul ati on nean does not exceed the action or control |evel when
in fact it does. See Chapter 4 for additional discussion of Type
| and Type Il errors. The political, social, and economc
consequences of maeking either a Type | or Type Il error nust be
wei ghed before a decision-making official can establish allowable
frequencies for each type error.

OBJECTI VES

This docunent is intended to serve as a user's guide that
identifies and explains selected principles and applications of
the nmethods and procedures for establishing an adequate Q& (C
program for sedinent sanpling aspects of environnmental nonitoring
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progr ans. It is not intended to serve as a guide for identifying
all sedinent sanpling equipnent or to serve as a sedinent
sanpling protocol. Simlarly, it is not intended toprovide
"cook book" type details for the devel opment and inplenentation
of a universal QAN QC plan for all sedinent nonitoring prograns.
The goal is to provide a flexible, but technically sound,
framework wthin which the user can devise a QAN QC plan
consistent with the specific objectives of any sedinent
nmoni toring program

No detailed treatnent of analytical quality assurance
procedures is given since that inportant aspect of the overal
probl em has been adequately treated el sewhere (USEPA, 1982
USEPA, 1984). It should be noted, however, that in a QA QC sense
sanpling procedures are not fully separable from analytica
procedures. This is particularly true for sanple collection and
handl i ng procedures. Thus, sedinment sampling QA& QC procedures
presented here should be viewed as inportant integral elenments of

the overall QA/QC plan.
AUDI ENCE

Thi s docunment has been devel oped to serve as a user’s guide
for anyone designing, inplenenting, or overseeing sedinent
nmoni tori ng prograns. It is especially applicable for personne
responsi ble for regulatory prograns involving sedi ment nonitoring.
Special attention is given to sedinent sanpling exanples rel ated
to CERCLA since such applications are deened of high priority for
sedi nent sanpling prograns. Many of the principles and
procedures discussed, however, are applicable to other situations
as well.

APPROACH

In Chapter 2 a brief overview of nodels describing the
dynam cs of sedinentation in different bodies of water is
6



present ed. Know edge of sedinment dynam cs provides a firmer
foundation for the design of sedinent nonitoring prograns and
associated Q¥ QC plans and assists in the interpretation and
evaluation of the resulting data. Chapter 3 provides exanpl es of
sone hypot hetical sedinent nonitoring situations together with
di scussions of required Q¥ QC plans. Chapter 4 contains sel ected
applicable statistical methodol ogy.

The role of an exploratory or prelimnary study prior to the
performance of the definitive study is described in Chapter 5.
Chapter 6 describes how to determne for the final definitive
study the required nunber of sedinment sanples and sanpling sites
consistent with established all owable probabilities for Type |
and Type |l errors and the desired m ni num detectable difference
between neans and either control levels or action |evels.
Chapter 6 also discusses sedinent sanple collection, sanple
handl i ng, and analysis and interpretation of QA/ QC data.

The subjects of systens audits and training are not

addressed in this docunent. The treatnment of these subjects in
t he conpani on vol ume (Barth-and Mason, 1984) is considered to be
equally applicable to sedinent sanpling. In order to make this

report nore self-contained, the entire chapters on sanple
handl i ng and docunmentation, analysis and interpretation of QY QC
data, and systens audits and training from the conpanion soi
docunment are included in Appendices B, C and D, respectively.



CHAPTER 2
MODELI NG SEDI MENT TRANSPORT AND DEPCSI TI ON

| NTRODUCTI ON

In determning the appropriate nodel to use in describing
the role of sedinents in the transport and fate of hazardous
subst ances, one nust have a definition of sedinments along with
site-specific characteristics for sites of interest. For areas
of concern, i.e., rivers, |lakes, and estuaries, sedinents and
related data of inportance wll have general (geological
strata, soil type, climite, etc.) as well as specific (flow
rate, bed |oad, water pH, etc.) characteristics. The term
sedinent is defined as any particulate matter which can be
noved by water, to or froma land surface and into or through
the waterways of a river basin, a |ake system or an estuary
(Leyt ham and Johanson, 1979). Particul ate sedinent matter is
usually partially made up of once-living organic material in
vari ous degrees of deconposition with particle sizes ranging

from col |l oidal hunmus to large pieces of material. Sedinents
normal |y contain some mneral particles. These may include any
of the three major rock types: | gneous, netanorphic or

sedimentary rocks. The size of these particles can range from
that of clays through silts and sands to |large boulders. A
size classification schene has been devel oped by Wentworth and
Is shown in Table 1.

Total sedinents are the sum of suspended and bed-I oad
sedi nent s. Suspended sedi nents occur mainly in slower noving
waters of sluggish rivers, |akes and estuaries. Suspended
sedi nents may have nore |ong-term adverse effects on ecosystens
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than bed-1oad sedinents. These sedinments can increase
turbidity of the water and therefore decrease sunlight
availability to the primary producers, as well as |limt
visibility of predators. They can also clog filtering devices
of nolluscs and fish (Farnsworth, et al., 1979).

Bed-1 oad sedinents are nore significant in the faster
novi ng waters of river systens. These sedi nents can scour,
abrade and bury all or part of the benthic organisns, thus
nodi fying the food chain (Farnesworth, et al., 1979). They can
even nodify the habitat structure. The effects of sedinents in
general can be propagated throughout an ecosystem and nay
result in the nass novenent of organisns out of an area. Thi s
Is not to say sedinents are always negative factors to an
ecosystem sedinents may carry nutrients into an area, thereby
I ncreasi ng biological productivity. Most negative sedi nent
i npacts are observed after runoff episodes associated with
storms or snow nelt.

Sediments may readily adsorb pollutants. The dynam cs of
pollutant novenent on adsorbed sedinent are not wel
under st ood; however, research is ongoing to elucidate such
transport. Sone of the factors involved include concentration
of the dissolved pollutants, flow velocity of the water,
kKinetic adsorption coefficients, and depth of flow (Krenkel and
Novot ny, 1980).

The process of adsorption-desorption of pollutants on
sedinents has a direct effect on the transport processes and on
the bioavailability of the pollutants (OECD, 1981). Sedinents
wi |l have varying reaction phases with pollutants, depending
upon the sedinent’s chem cal makeup and certain environnental
factors (tenperature, pressure, water flow rate, etc.).

TRANSPORT AND SEDI MENTATI ON
The first factor to consider is the texture of the

sedi nents. Sedi nent texture has a nunber of characteri stics.
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Particle size of the sedinents is inportant; sedinents can
ei t her be honpbgeneous or heterogeneous wth regard to particle
si ze. The particle’s shape and surface characteristics are
inmportant in determ ning whether and to what extent pollutants
are adsor bed. Porosity and perneability are two inportant
properties of sedinents.

Sedi nent ati on processes include: 1) Biological processes,
2) Organi smenhanced sedinentation and 3) Physical processes.
In biological processes, two inportant factors predom nate.
They are degradation, which is the working and reworking of the
sedi nent by biol ogical organisns, and pelletization, which is
t he accunul ati on of biol ogi cal excrenent. I n organi smenhanced
sedinentation, it is the bottomrooted plant [ife that pronotes
trappi ng and deposition of sedinents. Physi cal processes are
by far the nost inportant. These include in particular fluid
flow characteristics in relation to the settling of different
type and size particle. In fluid flow, there are two different
types of flow 1) lamnar flow and 2) turbulent flow Ei t her
the Reynold's nunber or Froude's nunber nmay be used to
characterize the flow as [am nar or turbulent (Davis, 1983).

Stoke’s Law of settling identifies and relates the
different variables involved in the settling of particles
(Davis, 1983). Unfortunately, Stoke's Law tends to be valid
for only a single particle, and concentrations of sedinent tend
to retard the total settling.

For a specific sized particle of a specific shape and
density, there is a mnimumfluid velocity needed to nove that
particle. This mninmm velocity is known as the threshold
velocity. There are several inportant nechanisns involved in
the novenent of sedinent particles in fluids. Traction defines
t he nmechani sm whereby particles may slide or roll over the
substrate, and is particularly inportant on the bottom where
particles are in contact with one another. Saltation 1is
transport whereby the grains bounce or hop along the substrate
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and it usually acconpanies traction processes. Both traction
and saltation processes contribute to the bed | oad. Bed | oad
may be defined as the sedinent |oad that noves by traction
and/or saltation along the bed as the result of shearing at the
boundary of flow (Davis, 1983). Suspended sedinent load is
conprised of particles in the main flow of the current that
nove significant distances wthout contact with the bottom or
side substrata. Maximum transport of sedinments occurs mainly
during turbulent flow, such as that which occurs during storm
or snownelt periods.

The sedinment texture (or particle size distribution) is
directly related to the hydraulics of the system The nost
prom nent cause contributing to observed sedinent texture is
a change in the conpetence or capacity of a stream which
causes sedinment particles to cone to rest. The coarsest
particles are present in the traction popul ation of sedinents.
The saltation sedinent population contains the bulk of the
sedinents with the particles therein being well sorted. The
sorting is due to the differential efficiencies of continued
suspension and redeposition while particles bound al ong. The
suspended |oad of a sedinent sanple shows considerable
variation due to both the intensity of turbulence and the
original characteristics of source sedinents, such as cohesion
and flocculation. Sorting within this population is poor.

Turbidity currents occur when fluid turbul ence causes
sedinents to beconme suspended. Turbidity currents can occur in
deltaic regions and also in estuari es. Liquified sedi nent
fl ows occur when sedinent is supported by upward-flow ng fluid
as particles settle. Debris flows are a mxture of fine
sedinents and fluid which support |arger particles. These
usual |y occur off nmountain sides. A slunp occurs when nasses
of soil nove along shear planes. These often occur on the
sides of rivers and also are types of "nud" flows.
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Ri vers

Two nmain types of rivers are found in the world today.
One type, the braided stream (streamw |l be used synonynously
with river), is or has been a predecessor to the second, the
meandering stream

A brai ded stream has nunerous channels that are separated
by bars and small islands. The deposition of sedinent is
characterized by the shifting of the channels and bar
aggravation. These types of streans have an overabundance of
sedi ment s. Streans are braided due to the inability of the
streamto nove the coarse conponent of its |oad (Davis, 1983).
However, during floods, all sized particles are noved. There
are four types of events in which sedinentation occurs in
brai ded streans: 1) flooding, 2) lateral accretion - side or
poi nt bars devel op, 3) channel aggravation - due to the waning
energy of the stream and 4) reoccupation of an ol der channel
causing cut and fill. Exanples of braided streams include the
Trollhiem River in California, the Platte River in Nebraska and
the Bijou Creek in Colorado. Mddels (geol ogic) have been based
on these rivers. Figure 1 shows a block diagramof this type
of stream

A neandering stream is a single channeled stream that
displays a relatively ordered condition of riverine and
sedi nrent accunul ati on processes. These are commonly situated
downstream from brai ded streans. They |ack gravel, have a
nodest suspended | oad and have a broadly neandering pattern.
These types of streans are conmmonly found on coastal plain
regions flow ng nore or |ess perpendicular to the coast. They
have specific sedinentary deposits such as |evees, floodplain
and point bar deposits. These streans are characterized by
turbulent flow, and sedinent is transported in both bed | oad
and suspended | oad. Sedinent is commonly eroded from one bank
and accreted on another downstream Exanpl es of neandering
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Figure 1. Block diagram of a braided stream and adjacent
environments. Source: Davis, 1983,

After WIllians and Rust, 1969

Figure 2. Block diagram of a meandering stream show ng
maj or depositional environment. Source: Davis, 1983.
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streans are the Mssissippi Rver, the Chio Rver, and the
Col orado River. The Colorado is an excellent exanple of a
brai ded stream becom ng a neandering stream Figure 2 is a
bl ock di agram of this streamtype.

Deltas are accunul ations of sedinent at the end of a
river channel where it discharges into a standing body of water.
Deltas can occur in oceans, |akes and estuaries. Er osi on of a
delta can be domnant at tines, with the primary agents being
waves and/or currents. The processes that act upon a narine
delta are riverine processes and narine processes.

In riverine processes, three primary forces are generally
dom nant: 1) inertia, 2) bed friction and 3) buoyancy.
G rcunstances leading to the formation of deltas occur in
| akes, estuaries, and enclosed seas in which there are broad,
flat, offshore slopes.

In marine processes there are three dom nant forces: 1)
tides, 2) waves, and 3) coastal currents. The M ssi ssi pp
delta is a major exanple for which a nodel has been devel oped.

Lakes

Lakes occur throughout nost climatic belts of the world

and receive large volunes of sedinents. Most | ake studies
enphasi ze the biological, chemcal and physical aspects of the
envi ronnent . Only relatively recently have |ake sediments been

given the major consideration due them

Dependi ng upon a variety of environnental factors, |akes
may stratify in the summer and in the wnter. Figure 3
illustrates the process and the nechani sm whereby m xi ng nay
occur in spring and fall nonths.

The Great Lakes are so large that the circulation caused
by the cooling and sinking of maxi mum density water, which is
repl aced by deeper water, is not sufficient to cool the whole
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| ake body to maxi num density, and hence they never conpletely
freeze over (Garrels et al., 1975). Stratification in |arge
| akes such as the Geat Lakes occurs only in the summrer.

During stratification, if enough organic nmaterial exists
in deep water, oxygen can disappear conpletely. This produces
changes in the bottom fauna and pronotes production of gases
such as hydrogen sulfide (H28) and nethane (CBg). Shall ow
| akes are stirred by wind and waves, thereby mnim zing
stratification, but |akes of internediate depth are very
susceptible to stratification and oxygen deficiency. Excessi ve
plant nutrients pronote plant macrophyte growth which aids in
t he deoxygenation process in snall |akes by reducing wave
action and thus m xing. This can lead to a |ake being
overwhel ned by organic naterial.

There are two main types of sedinments other than organic

material found in |akes. One, terrigenous sedinents, can
originate fromtwo main sources, either fromthe edge of the
| ake itself or frombeing transported in by other neans, i.e.,

rivers and waste water. The second sedinment type is conposed
of chem cal precipitates and cones fromthe water constituents
thenselves. There are two categories of |akes based on their
chem cal constituencies: 1) saline |akes and 2) carbonate
| akes. Waste water can add chemcals to the water of either
category and form various types of precipitates.

Est uari es

There is a wide variety of norphol ogy, hydrodynam cs and
sedinment distribution in estuaries. Four mai n nor phol ogi cal
types of estuaries are known: 1) drowned river valleys, 2)
fjords, 3) bar-built estuaries and 4) tectonically produced
estuari es. Wdely distributed, irregularly shaped estuaries
are common al ong coastal plains as a result of drowned river
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valleys from the sea level rising in the Hol ocene period.

Chesapeake Bay and Del aware Bay are exanples of this type.

This estuary type is characterized by rapid sedinent

accunmul ation. Fords are deep, steep-sided estuaries carved by
gl aciers and are characterized by poor circulation and slow
sedi ment accunul ati on. Fjords tend to be small and are
typically developed on tectonically active coasts. As
estuaries develop and coastal processes transport sedi nent
along, it is common to develop spits and barriers that can
partially or conpletely close the nouth of the estuary, wth
tidal inlets interrupting an otherw se continuous barrier. The
| arge estuaries behind the outer banks of North Carolina

represent this type. Tectonically produced estuaries are
generally confined to | eadi ng-edge coasts where faulting and
subsi dence create enbaynents. San Francisco Bay is such an

estuary (Davis, 1983).

Two main processes are found to be of great inportance to
sedi mrent accunul ation in estuaries. Tidal currents, which
constitute the first process, are directly related to tida
range in nost instances. The size of the inlet into an estuary
is also inportant, as well as the speed of the current into and
out of the inlet. Sedinent fromfreshwater runoff as well as
from oceani c processes nmust be considered. A sudden decrease
in the current speed at the |landward or seaward side can cause
rapid accunul ation of sedinent. Riverine processes constitute
the second main factor contributing to sedi nent accunul ati on.
Since an estuary is a standing body of water, a delta can form
at a river’s nouth. |If the tidal currents are not sufficient
to renove the sedinment, accumnul ation occurs. It is due to
these two processes that estuaries are generally short-1lived
geol ogi cal l'y.

Estuary circulation is primarily based upon the zone in
whi ch freshwater cones into contact with seawater. There are
three estuary types based upon the nature and distribution of
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this zone. A highly stratified or salt wedge estuary is one in
which there is little mxing of the waters and a density
stratification occurs. Ri ver discharge nust be the dom nant
process in the formation of this estuary (Pritchard, 1955).
M xing only occurs by vertical advection in the shear zone
between the two opposing masses (Biggs, 1978). Sedi nent
carried to the estuary from the stream may settle into the
salt-wedge |ayer and be transported to the landward tip for
deposi tion. Well-stratified estuaries display a conplicated
circulation which is related to the Coriolis effect. Duri ng
flood tides, the interface of the water nmasses is tilted up on
the right side of the estuary in the northern hem sphere as one
| ooks landward, and in ebb tide it is tilted to the left side
(Davis, 1983). This results in a circular flow conmponent in
which the center is a null point. Partially m xed estuaries
are ones in which tidal influence is domnant in determ ning
circulation and mxing of waters. Turbulence created by tidal
action causes downward novenent of freshwater as well as upward
novenent of seawater (Pritchard, 1955). This results in a
gradual increase of salinity fromtop to bottom Suspended
sedinment tends to concentrate in the area of maximumturbidity
which is located just downstream fromthe landward limt of
seawater intrusion. When riverine and tidal processes are
equal in inportance, a totally m xed estuary will result. The
Coriolis effect also plays a role in circulation and
sedi nentation of these estuaries. These estuaries are
vertically honbgeneous. Sedinent will follow the pattern
provided by the Coriolis effect with mrine sedinents
concentrating on the right (looking landward from the sea),
and river sedinents concentrating on the left (Biggs, 1978).

The nodels reviewed in the next section will denonstrate
general principles and how they apply to sedi nent sanpling.
Few nodel s are based on the sedinments al one; nost include the
system as a whol e.
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MODELI NG THEORI ES

Mat hemati cal nodels of systens are often a useful method of
generating and evaluating the various outcones. A nodel
however, should not be considered valid until it has been
substantiated by field and/or |aboratory nmeasurenents (Krenkel
and Novotny, 1980). Table 2 presents an overview of sone
commonly used nodels. The range and choi ce of avail abl e nodel s
Is clearly quite broad.

The foll ow ng gui delines have been taken from Gi nsrud
et al., 1976 on the selection and use of nodels:

1) Define the problem and determ ne what information is
needed and what questions nust be answered.

2) Use the sinplest nethods that can provide the answers to
your questions.

3) Use the sinplest nodels that will vyield adequate
accuracy.

4) Do not try to fit the problemto a nodel but select a
nodel to fit the problem

5) Do not confuse conplexity wth accuracy.

6) Al ways question whether increased accuracy is worth the
I ncreased cost and effort.

7) Do not forget the assunptions underlying the nodel used,
and do not read nore significance into the sinulation results
than are actually there.

Stream (river) as well as | ake and estuary nodels tend to
be based upon a one-dinensional approximation of the flow,
nmonment um and mass conservation equati ons. These nodel s put
nore enphasis on convective transport of pollutants than on
di spersi on. The nodels range from sinple, steady state
di ssol ved oxygen relationships to very conplex nodels
describing the interrelationships anong pollutant additions and
renmoval s, organic matter concentrations, and |life processes
occurring in aquatic environnments (Krenkel and Novotny, 1980).
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Sedinments in sone instances are considered pollutants.
Discharge limtations have been inposed for suspended solids.
Many pol |l utants can be transported in suspended solid form or
adsorbed on suspended particulate. Unfortunately, the
dynam cs of the novenment of pollutants adsorbed on sedinments is
not well understood.

The description and solution of the hydrodynam ¢ behavi or
of surface or groundwater systens are essential parts of every
wat er qual ity nodel. Basi ¢ hydrodynam c |aws which nust be
included in descriptions of water quality systens are: 1) the
wat er conservation equation (the equation of continuity) and 2)
the nonmentum conservation equation (equation of notion)
(Krenkel and Novotny, 1980). The water conservation equation
states that the difference of the flow entering and |eaving a
control volune nust equal the rate of storage in the vol une.
The applicable partial differential equation is:

2+ 20 .gq
ot X
wher e
A is the cross-sectional area
t is tine
Qis the flow
X 1s the direction of flow
Q; is the lateral inflow into the control volunme per
unit path length in the direction of flow

If one nmultiplies each termin this equation by a unit of path
Length in the direction of flow, it can be seen that

%% represents rate of storage, %g outflowrate, and 9i
lateral inflow rate; or, rate of storage = lateral inflow rate

- outflow rate.
The nmonmentum conservati on equation i s based upon Newton’s
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second | aw of notion which states that the rate of change of
momentum equals the sum of external forces acting on the
control volume. The applicable partial differential equation
is as follows:

2 (UH) + 3 [(U) (UH)) + gH 3H = gH(Sg-5¢f)
ot X x

wher e

U is flow velocity

t is tine

X 1s the direction of flow

g 1s gravity acceleration

H is the depth

So is the bottom sl ope

Sg is the energy (friction) slope of the flow (may be

obtai ned from sem enpirical flow fornul as)
If one nmultiplies each termof the equation above by the water
density p and Ax, the terms in the equation have the follow ng
meani ng:

3_ (pUR) Ax = rate of change of nonentumin a control volune
at

pa_[(U)(UH))AX = difference between rate of nonentum entering

3x and that leaving a control volune
pgH H Ax = net hydrostatic pressure of the surrounding
ox wat er on the control vol unme
pgHS, AX = gravity force due to the weight of the control
vol une
p gHSg &x = friction shear resistance force
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In words, the equation states that for a control volune of
water the difference between the rate of nonentum entering and
| eaving plus the rate of change of nomentuminside the contro
volume is equal to the sum of the external forces acting on the
control vol une.

Suspended particles originate from soil erosion, bank
erosi on, urban solids, washload and organic |ife processes
(Krenkel and Novotny, 1980). The channel phase of sedi nent
transport can be divided into the suspended fraction and the

fraction of sedinents contained by noving streanbeds. In
suspended sedinent transport analysis, it is inportant to
determ ne where and when a particle will settle or when and
where the bed particles will be resuspended. Stoke’s Law is

t he general basis for sedinentation.

The equations of continuity and notion remain the sane in
any sedi ment transport nodel. The mass bal ance equation for
pollutants (i.e., phosphorous, heavy netals, adsorbed
pesticides) nust be coupled with sedinent transport since
adsorption or release may take place between the adsorbed and
di ssol ved pol |l utant phases. The adsorbed conponent noves with
the sedinent and is therefore subject to any processes that may
I nfl uence the sedinent. The exchange of nmatter between the
bott om deposits and overlying water is governed by adsorption
equilibriumand limted by the diffusion velocity through the
bott om boundary | ayer. Two phases described when giving
general mass bal ance equations for adsorbed pollutant novenent
are the free phase and the sorbed phase. The coupl ed equations
for each are as follows (Krenkel and Novotny, 1980):

Free Phase: 3 = -U 3c - p 35 + IN - R4C
ot 3x ot
Sor bed phase: 23S = Kg(Se=-S) - KggS + M)/H
ot
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wher e
C is the concentration of the dissolved pollutant

(my/liter)
S is the concentration of the adsorbed pollutant (ug/g

of suspended solids)

Se i S the adsorption equilibriumconcentration of the
pol | utant (ug/g of suspended solids) described by an
I sot herm

Uis the flow velocity (nm day)

Is the specific density of the particulate matter

(g/cm3)

N is the sumof the sinks and sources (g/m3/day of the
substrate which includes uptake of the
phyt opl ankt on, transformation into another form
diffusion into or from benthal |ayers, etc.)

Kg is the decay coefficient describing the |oss of
substance fromthe system (day=1)

Kgg is the settling rate of the substance (n day)

Kg 'is the kinetic adsorption coefficient (day=1)

Mis the scour rate of the pollutant adsorbed on the
sedinent from contact with the bottom deposits
(g/m2/day )

His the depth of flow (m

X is the distance (m

t is the tine (days)

In words the equation for the free phase states that
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the rate of change in concentration of a dissolved pollutant =

rate of loss + rate of |oss

by flow to adsorption
(convective on suspended
transport) sol i ds

+ rate of gains - rate of

or |osses from | oss of the

sources or pol | ut ant

Si nks fromthe

respectively system by
processes
not
ot herw se
account ed

for

In words, the equation for the sorbed phase states that
the rate of change in concentration of the pollutant adsorbed

on suspended solids =

Rate of gain of adsorption +

(driven by the difference
bet ween the adsorption
equi | i brium concentration
and the actual adsorption
concentration)

Rate of |oss due
to settling + rate
of loss due to the
scour rate of the
pol | utant adsor bed
on the sedinments.

Use of the cited equations plus others is very inportant
when devel opi ng a nodel of sedinent/pollutant rel ationships.

The devel opnent of the CHANL

nodel by

the U S. Environnental

Protection Agency (USEPA) has denonstrated the process.

The basic equations of

any nodel

must all be defined.

Al so, exact definition of the solution being sought is needed

before an appropriate nodel
probl em

can be
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CONCLUSI ONS

Wien using or developing nmathematical nodels all the
paraneters nust be chosen carefully. Sedinent, in this case,
s very inportant but is linked to many other paraneters.
Knowl edge of these parameters is inperative when deciding which
nmodel is to be used and how the results will be displayed.

Sedi ment plays an inportant role in the transport of
pol lutants as well as in the transport of nutrients. Both the
pol lution and nutrient aspects nust be considered. Sedi ment s
can overwhel m bottom fauna, but the nutrients they carry can
give rise to new biota. By the sane token, sedinents can
transport pollutants that are hazardous to sone life fornms of a
particular waterway.

I n choosing an appropriate nodel, a conparison should be

made of avail abl e nodels. A nodel nust be fitted to the
probl em and action taken accordingly. Mny good nodel s exist,
but only the ones which contain sedinent factors wll be

adequate for our needs here.
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CHAPTER 3
OBJECTI VES OF QUALITY ASSURANCE- QUALI TY CONTROL PLANS
| NTRODUCTI ON

USEPA Order 5360.1 establishes the responsibilities of
Nati onal Program Managers in the Agency’ s Mandatory Quality
Assurance Program  These responsibilities include ensuring
that "data quality acceptance criteria" and QA Project Plans
are prepared for all data collection projects sponsored by the
of fice. In a nmenorandum of April 17, 1984 acconpanying the
i ssuance of Order 5360.1, Deputy Admnistrator Alm identified
two steps that nust be taken to ensure that all data collected
by USEPA are suitable for their intended use:

" ..the user nust first specify the quality of data he
needs; then the degree of quality control necessary to assure
that the resultant data satisfy his specifications nust be
determ ned. "

The first step is acconplished through the devel opnent of
Data Quality Objectives (DQCs). Data Quality Objectives are
qualitative and quantitative statenments devel oped by data users
to specify the quality of data needed froma particular data
collection activity (USEPA Draft, 1984).

DQO devel opnent is an iterative process involving both
decision nmakers and technical staff. DQCs, which are
statements of the quality of data needed to support a specific
decision or action, are developed in three general stages.
First, the decision maker and the technical staff discuss the
probl em bei ng addressed, the resource and tine constants for
addressing the problem and the information needed. Second,
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t he decision nmaker and the technical staff discuss specific
questions devel oped by the staff to clarify what information is
needed, how the information will be used, and what limtations
of the information will be acceptable. Third, the technical
staff devel ops possible approaches for collecting the necessary
data and determnes the quality of the data that can be
expected from each approach. The outcome of the third stage is
t he decision nmaker’s selection of the specific approach that
will be used and the statement of the DQ0s for that approach.

The quality of a data set is represented in terns of five
characteristics of the data: preci sion, accuracy, represent-
ativeness, conpleteness and conparability.

The objectives of a study or nonitoring program should
include the follow ng concepts:

o Wt information is needed and what function the

informati on serves in addressing the problem

0 How the information will be used, in terns of the
types of conclusions that are anticipated from the
data and the criteria that will be used to nake
deci si ons;

o The limtations and applicability of the data, in
ternms of the universe to which the conclusions and
decisions will apply;

0 How concl usions based on the data can be in error and
what |evel of risk of nmaking incorrect or questionable
deci sions is acceptabl e;

o The time and resource constraints for data collection.

The study or nonitoring objectives are the input for stage
three of the DQO devel opnent process.

DQCs are the inportant starting point for the detail ed
design of a data collection effort and are the basis for
specifying the quality assurance and quality control activities
associated with the data collection process. QA Project Plans
are required of all USEPA data collection activities. Such
plans clearly describe what will be done at each stage of data
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collection (i.e., sanple site selection, sanple collection
handl i ng and anal ysis, and data handling and analysis) and
i ncl ude instructions or standard operating procedures for each
field and | aboratory activity.

During the detailed planning and preparation of technical
gui dance for data collectors, DQ0Os are used as the starting
point for developing explicit, quantitative statenents of the
type of errors that will be controlled, the level to which
these errors will be controlled, and the information that wl|
be collected in order to characterize all the known sources of
error. These quantitative statenments are known as data quality
i ndi cators. Data quality indicators are needed in order to
sel ect appropriate nethods for sanple collection, |aboratory
anal ysis and statistical data analysis. They are also the
basis for selecting QA and QC procedures (USEPA Draft, 1984).

In the remainder of this report the general guidance
provi ded above will be applied to selected aspects of sedi nent
sanpling prograns. The ~cogent relationship anong the
obj ectives for sedinent sanpling, the DQ0s, and the QA& QC pl an
shoul d constantly be kept in m nd.

In Chapter 1 some possible objectives of sedinent sanpling
were identified as:

0 Determning the extent to which sedinents act as
ei ther sources or sinks for water pollutants,

0 Determ ning presence and distribution of selected
pollutants in sedinents in both space and tine,

0 Determning the risk to human health and/or the

envi ronnent from sedi nent contam nation by sel ected
pol I utants, and
0 Taking neasurenents for validation of sedinent
transport and deposition nodels.
Each of these objectives will now be exam ned identifying
possi bl e actions which m ght be taken once the objectives have
been achi eved.
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In essence, the mssion of the USEPA is to control
environnental pollutants and to abate potential adverse effects
on man and/or the environnent. Conmplying with this m ssion
requires identifying significant sources of pollutants of
concern, and linking these source em ssions via exposure of
important receptors to adverse effects. Thus, to carry out the
intent of, for exanple, the Cl ean Water Act, concentrations of
hazardous pollutants in waters should not be allowed to exceed
| evel s established as being adequately protective of man and
t he environnent when the intended uses of the waters are taken
into consideration. I dentification of the sources of the
pol lutant of concern should not only include the present
em ssions but al so an assessnent of |ikely future em ssions.
For exanple, one needs to establish the role of sedinents as
sources or sinks for selected water pollutants and how that
role may change in tine and space, and also the effect of
such physical parameters as water tenperature, depth, pH, and
flow rates, suspended solids, bedload, and geol ogical factors
on that role. Bi ol ogi cal factors may al so be involved in the
degradation or transformation of pollutants into different
subst ances.

|f, for exanple, significant quantities of the pollutants
of concern becone essentially permanently attached to the
sedi nrents and remain biologically unavailable, the sedinents
may constitute a sink for the selected pollutants. Control
needs for these selected pollutants may be reduced by the
amounts which the sedinents renove in the sense described
above, provided that no harm from the added | oad of pollutants
comes to the biota dwelling in the sedinents. Under est i mat es
of the ability of sedinents to act as a sink mght lead to
source control requirenents nore stringent than necessary,
whereas overestimates mght lead to |less stringent control
requirements than necessary.

However, one should wuse sedinents as a sink for
contam nants wth caution. Wen the sedinents Dbecone
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contam nated, dredging as a clean up neasure is a conplicated
proposi tion. It involves extensive testing of the sedinment and
proposed di sposal options to determ ne which one will have the
| east environnmental inpact. Wth a badly contam nated sedi ment
one ends up with the problemof what to do with the materi al
once it has been dredged.

If significant quantities of the selected pollutants are
found to be associated wth sedinents initially and then
rel eased slowy over relatively long periods of tine, the
sedinents in essence act as a pollutant source. In this
I nstance, to keep concentrations of the pollutants bel ow
acceptable levels in downstream waters, it may be necessary to

either over-control i ndustri al, muni ci pal, or non-point
sources, or renove sone or all of the polluted sedinents by
dr edgi ng. Underestimation of the extent to which sedinments act

as sources mght lead to insufficient controls of other
sources, whereas overestinmation mght lead to controls nore
stringent than necessary and perhaps even to the institution of
expensive dredging operations to a greater degree than
necessary.

The determ nation of the presence and distribution of
selected pollutants in sedinents in both space and tine is
necessary to achieve source or sink nonitoring objectives.
One possi ble action which mght be taken on the basis of the
mere presence of selected pollutants wthout regard to whether
the sedinents act as a source or as a sink is related to a case
covered under the hazardous wastes regul ations (CERCLA or RCRA).
If the selected pollutants are constituents being stored
treated, or disposed of at a permtted hazardous waste
facility, and there is probable cause that they have originated
from this facility, there may be grounds for revoking the
permt of the facility. Reporting the pollutants present in
the sedinments when they are not there would be a Type | error
and mght lead to the revoking of a hazardous waste facility
permt when the facility is not in violation. Failing to
report the pollutants present in the sedinents when they are
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there would be a Type Il error and would lead to allowing a
hazardous waste facility to continue operations when it is in
violation of its permt.

Determ nation of risk to human health and the environnent
from contani nated sedi nents involves several steps. \Wat is
ultimately required are exposure distributions to the nost
sensitive population of receptors of concern via al
significant exposure pathways involving sedinments. This wll
i nvol ve concern over possible exposure to water in contact with
the sedinents either through ingestion or skin absorption, as
wel | as concern over possible exposure through ingestion of
food contam nated directly or indirectly through contact wth
sedi ments (crops or donestic aninmals using water which has been
in contact with the sedinments, and/or aquatic foods such as
fish or shellfish contamnated directly or indirectly fromthe
sedi ment s). It is generally the water in contact with the
sediments which leads ultinmately to the exposure of receptors.
Thus, it is inportant to neasure or estinmate the extent to
whi ch the sedinments act as a source (to contacting waters) for
the pollutant(s) of concern. Knowi ng the concentration of
pol lutants in water originating from contam nated sedi nments is
not sufficient for estimating exposure. An additional
paraneter required is the biological availability of the
pol lutant(s) of concern. For exanple, if pollutants are
not incorporated into the edible parts of seafood, even |arge
concentrations in the water mght not |lead to significant hunan
exposure through ingestion of aquatic food stuffs.

Once desired exposure distributions have been constructed,
conparison to established exposure-response relationships
enabl es a determ nation of whether or not the existing risk is
accept abl e. Underestimati on of the exposures mght lead to
accepting an unacceptable risk, whereas overestimation of the
exposures mght |ead to unnecessary, and possibly costly,
control actions.

The taking of neasurenents for validation of sedinent
transport and deposition nodels will not normally lead to
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control actions. Thus, positive or negative errors are
unlikely to |l ead to corresponding over or under estinates of
control needs. However, errors of unknown direction and size,
if sufficiently large, mght seem to validate an erroneous
nodel or fail to validate an acceptable nodel. The
consequences of such errors cannot be eval uated wi thout know ng
t he purposes for which the nodel mght be used and what actions
m ght be taken on the basis of conclusions drawn from the
model .

The point to be nade is that, prior to undertaking any
sedi ment sanpling programto achi eve defined objectives, it is
necessary to establish acceptable levels of precision for end
results. These shoul d be established after due consideration
of the consequences of taking actions which mght subsequently
be shown not to be justified on the basis of the avail able
dat a.

Once levels of precision have been established, an
experinental protocol should be prepared setting forth what is
to be done for what purpose; and how, when, where and how many
sanmples will be collected. Al so, the protocol should indicate
how the sanples will be prepared for analysis and then anal yzed
for what substances, and how the resulting data wll be
val idated, analyzed and interpreted. As part of this protocol,
a conplete Q¥ QC plan nmust be included covering all aspects of
the experinmental program with special attention to sanpling
aspects. In the remainder of this report, additional details
wll be presented with regard to specific required el enents of
the Q¥ QC plan for various kinds of sediment sanpling prograns.

GENERAL | DENTI FI CATI ON OF THE OBJECTI VES

Some functional objectives for sedinment sanpling and
associ ated QA/ QC prograns have been identified and di scussed.
This material will now be recast for application to problens
related to carrying out the provisions and intent of RCRA and
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CERCLA. Operational situations in which sedinent sanpling nmay
be involved include:
0 Prelimnary site investigations

0 Emer gency cl eanup operations

0 Pl anned renoval operations

0 Renedi al response operations

0 Moni t ori ng

0 Research or technol ogy transfer studies
Wth the possible exception of research or technol ogy transfer
studies, all of the operational situations listed have a
potential for litigation. For this reason, a statistical

experinental design incorporating appropriate QA QC neasures
i ncluding "chain-of-custody" procedures should be incorporated
into the sanpling program The total QA/QC plan should require
that the accuracy and conparability of the analytical nethods
used, as well as the precision and representativeness of the
sanpl i ng, be denonstr at ed. General ly, the denonstration of
accuracy and conparability wll be part of the QAN QC plan for
the appropriate analytical |aboratory. Denonstration of the
precision and representativeness of the sanpling nust be part
of the Q¥ QC plan incorporated into the sanpling protocol

Preci sion neasures the repeatability of the results obtained
from analyzing the <collected sedi ment sampl es.
Representativeness of the sanple has two conponents: t he
sanple taken nust reflect what is actually present in the
sedinent (this is difficult to quantify) and, the reliability
of the nmean and standard deviation as neasures of the anount of
a chemcal present in a particular area nust be established.
Increased sanpling intensity, independent sanpling, and
sanpling audits are exanples of techniques that help ensure
that the sanple is representative of the condition in the area
under investigation.

The purpose of a prelimnary site investigation is to
provide information about a specific site that can be used in
maki ng initial managenent decisions, and, should further work
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be necessary, for designing a nore detailed and conprehensive
sanpling investigation. Since the data collected during the
prelimnary study wll be used to nake inportant decisions
about the site, it is essential that the reliability of the
data be denonstrated through incorporation and inplenentation
of an adequate QA/QC plan for this investigation. For exanpl e,
the prelimnary results may indicate that an energency response
should be initiated. Making an erroneous decision based upon
data of unknown quality concerning such an inportant matter
could lead to serious consequences.

The purpose of an energency cleanup operation is to renove
enough of the pollutants as quickly as possible to achieve a
| evel that is not considered an unacceptable threat to human
health or the environnent. The principal role of the Q¥ QC
plan in this situation is to provide a reliable denonstration
that cleanup operations have been adequate. An ener gency
cl eanup operation often leads to a requirenent for either a
pl anned renoval or a renedial response operation. Thus, any
sedi nent sanpling undertaken during the enmergency phase shoul d
have adequate QA/ QC neasures to ensure that the resulting data
may be used as a foundation for any subsequent investigations.

The purpose of planned renoval or renedial response
operations (they differ principally with regard to tine scale)
Is to provide a nore permanent solution to the problem These
operations may involve extensive sanpling and data anal ysis

progr ans. Adequate QN QC neasures are essential since
l[itigation to recover the costs of the operations is a likely
sequel . Consequently, all data collected may well undergo

close scrutiny in court.

Monitoring, or sequential neasurenents over time, may take
pl ace before, during, or after any of the operational
situations |listed above. \Whatever trends are neasured nust be
denonstrated to be reliable in order to serve as a basis for
maki ng deci sions that hold up to chall enges.

36



The purposes of research or technology transfer studies
vary wdely. In any event, the incorporation of adequate QA QC
plans into these studies is nmandatory in order for the results
of the studies to withstand the normal peer review processes
required for publication and/or application of the findings.

In sunmmary, an adequate QA QC plan should be part of any
sedi nent sanpling program relevant to any of the operational
situations listed. The only question remaining pertains to the
definition of the word "adequate." That question wll be
addressed in a subsequent section of this chapter.

OBJECTI VES FOR BACKGROUND MONI TORI NG
Generally the design of sedinent nonitoring prograns

requires that the levels of defined hazardous or potentially
hazardous substances and their spatial and tenporal trends be

measured for sone specific purpose. Oten it is critical not
only to quantify levels and trends but also to Ilink the
existing levels to sources. This is necessary to enable

adequate control actions to be taken whenever a situation that
is hazardous to human health, welfare, or the environment is
i dentified. Oten the situation is conplicated by the fact
that nultiple sources contribute to the measured |evels.

The situation is further conplicated by the presence of
pol lutants of recent origin mxed wth pollutants of past

origin. This mxing becones especially inportant when the
investigator attenpts to trace the mgration from source to
receptor and also in predicting what future levels are likely

to be after various proposed control neasures are inplenented.
Identification of spatial and tenporal trends along wth

i nkage of observed neasurenents to sources requires that

adequat e background or reference or control sanples be taken.

In the absence of such background sanples, interpretation
of the resulting data may becone extrenely difficult, if not
i npossi bl e. The burden of proof that background sanples are
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not necessary for a particular sedinent nonitoring study rests
w th the principal investigator. In the absence of such proof,
a prudent investigator wll ensure that the collection of
adequat e background sanples is included in the nonitoring study
desi gn. Furt hermore, sone EPA regulations concerning
regul atory nonitoring (U S. Code of Federal Regulations, 1983)
specifically require background sanpling.

Since neasured levels in presumably higher concentration

areas wll be conpared to background |evels, QA/ QC procedures
are just as critical for the background neasurenents as they
are for the study area neasurenents. Thus, for background

sanpling, a QA QC procedural unbrella nmust cover the selection
of appropriate geographical areas, the selection of sanpling
sites within the geographical areas, sanpling, sanple storage
and/ or preparation sanple analysis, data reduction, and
interpretation of study results.

Under nost circunstances, background data will not be
available for a given nonitoring location. These data nust be
acquired either before or during the exploratory or prelimnary
I nvestigation phase. The intensity of the background sanpling
that is undertaken depends upon the pollutants bei ng neasured,
the sedinent characteristics and variability, the |evels of
pol lutant likely to be found in the study area and the purpose
of the study.

SPECI FI C OBJECTI VES FOR MONI TORI NG | N SUPPORT COF CERCLA

The principal sanpling nmedia now being nmeasured to carry
out the provisions and intent of CERCLA, and RCRA as well, are
soil and groundwater. What, then, is the proper role for
sedi nent sanpling in support of CERCLA? Hazardous constituents
from a hazardous waste facility may enter sedinents through
transport of the constituents fromthe waste site to sedinent,
via either surface water or groundwater flow into receiving
bodies of water. Air transport followed by rainout or washout
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w il generally be less inportant than the other two transport
routes. Wiat information can be gai ned, then, from sedi nent
nmeasur enents whi ch cannot be gained from soil, air, surface
wat er, or groundwater measurenents?

Suppose a situation exists in which hazardous waste
constituents have been leaving a site for a relatively |ong
period of tinme and an adjacent body of water has built up a
consi derabl e amount of selected constituents in its sedinents.
Furt her, suppose that the sedi nents now constitute a source of
the hazardous constituents. At this tinme, renoval of the
hazar dous wastes fromtheir original disposal site may stil
| eave an unsolved significant problem in the form of the
contam nated sedinments. Human foods, contam nated directly or
indirectly through contact with sedinents, may be unfit for
human consunption. Furthernore, as the hazardous constituents
nmove through different trophic Ilevels, substanti al
bi omagni fication of contamnants my take place, thereby
increasing the risk to humans consum ng foods from higher
trophic levels. Thus, it is conceivable that situations may
exist in which concentrations of hazardous constituents in
sedinents may represent a mgjor risk to human health or the

envi ronnent. To identify such situations, data from sedi nent
sanpling is an inportant link in the chain of required
evi dence.

The steps outlined below are designed to provide a
sediment nonitoring effort wth adequate sanple precision and
representativeness (USEPA, FR44:233, 1979 and Bauer, 1971).

1. ldentify the objectives of the study.

2. Determne the conponents of variance that should be
built into the statistical design.

3. Choose the allowable probabilities for Type | and Type
Il errors and the difference in neans considered to be
significant. (These choices together with an estimate of the
coefficient of variation are needed to determ ne the nunber of
sanples required in each stratified region.)
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4, otain sanpling data from other studies with simlar
characteristics to the one of interest. (Estimtes of
coefficients of variation are of particular inportance.)

5, Calculate the nean and note the range of each set of
duplicates (co-located independent sanples).

6. Goup the sets of duplicates according to
concentration ranges and by the types of sanples believed to be
simlar.

7. Calculate the critical difference Rg (nunber not to be
exceeded to maintain adequate Q¥ QC) fromthe fornula

n
Re = 3.27¢ ! R
n i=] X%

where C = concentration, n = nunber of duplicate analyses, Rj =
range = xj <) (xij+1
and Xj = nean = (xj + xj4+1)/2.

8. Using results from previous studies, develop a table
of Reg values for various concentrations that span the range of
concentrations of interest. (These data are used to accept or
reject sets of duplicate sanples.)

9. Use the prelimnary Rg table to accept or reject sets
of duplicates. Wen approximately 15 pairs (USEPA, 1979) of
results fromthe present study are avail able, a new table of Rg
val ues shoul d be constructed based upon the data that have been
accept ed.

10. Use data <collected during the prelimnary or
exploratory site investigation and any energency response
activity as the data base upon which l|ater studies are
eval uated and/or desi gned.

Suggestions for additional elenments of a nore conplete
QY QC plan are provided in subsequent chapters.

The specific goals for each type of study will determ ne
the allowabl e probabilities of Type | and Type Il errors and
the mnimum relative difference between sanpled popul ati on nean
and either background nean, or designated action level that is

40



considered inportant to detect. Suggested guidelines are given
bel ow for the operational situations |isted previously.

PRELI M NARY SI TE | NVESTI GATI ON

The prelimnary or exploratory investigation is the
foundati on upon which other studies in hazardous waste site
assessments should be based. As part of this study, it is
essential to determ ne whether or not sedinents are sanple
nmedia of inportance to the total assessnent. The total
assessnment nust draw conclusions with regard to whether or not
there is immnent and substantial danger to hunman health
requiring energency action and whether there is an unacceptable
long termrisk to man or the environnent. | f sedinents are
determned to be uninportant in the prelimnary study, it is
likely that no further attention wll be directed to them In
view of this, a Type Il error is considered to be of greater
i mportance than a Type | error. Presented bel ow are suggested
guidelines for DQ0s that may be used initially.

Confi dence Level Power Rel ative Increase
(1 -a) (1 -8) over Background
[100( ug=-ugl)/ugl
to be Detectable
wth a Probability
(1-8)

70-80% 90- 95% 10- 20%

|f resources limt the nunber of sanples that can be taken, the
i nvestigator should determne, for the nunber of sanples that
can be collected, value-judgnent based optinum values for
confidence | evel, power, and detectable relative difference.
|f these val ues are deened adequate, the study nay proceed.
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Using five percent duplicate sanples may provi de adequate
QN QC for neasuring variance between sanples (Plunmb, 1981).
However, there should be a mnimm of two sets of duplicates in
each strata sanpled. As data becone available, these
assunptions should be checked. This is usually acconplished by
taking and analyzing nore duplicates initially, and then
checking to determine the mninmm nunber required for the sites
bei ng sanpl ed and the pollutants bei ng neasured.

EMERGENCY CLEANUP

Emergency sanpling is designed to identify those areas
in which sedinents are contamnated to such a degree as to
threaten immnent and substantial endangerment to human heal th.
The threat may be due to the sedinents acting as a source of
hazardous constituents to drinking water or to human foods.
The energency action in either event is nore apt to be
swtching to bottled water for drinking and/or taking certain
| ocal |y produced human foods off the market than it is to be a
dredging program to renove the contam nated sedinents.
Dredging may well be inplenmented at a later date as part of a
pl anned renoval or a renedial response operation. O course,
any long term solution to the problem would also have to
address the renoval of the primary source of hazardous
substances to the sedinents.

For an energency response operation involving sedinents, a
Type Il error is considered of greater inportance than a Type |
error. Presented bel ow are suggested gui delines for DQ0s that
may be used for energency response operations.
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Confi dence Level Power Rel ative Increase
(1 - a) (1 -8) from Background or
an Action Level to

be Detectable with

Probability (1-8)

80-90% 90 - 95% 10 - 20%
PLANNED REMOVAL AND REMEDI AL RESPONSE STUDI ES

These studies are usually continuations of those initiated
during energency cleanup studies. They should be designed to
provide specific information needed to resolve control option
I ssues. The areas to be surveyed should be stratified and
sanpl ed according to a design that can be used to determne
spatial variability. A suitable statistical design should be
formulated so that conponents of variance for the study
situation may be identified and evaluated. Appropriate QN QC
procedures nust be formul ated and i npl enent ed.

If the sanpling during exploratory or energency response
i nvesti gati ons has been done properly, there will be a sound
basis for determning the sanple size and sanpling site
di stributions. The design will have to incorporate information
on the wvertical distribution as well as the horizontal
di stributions. Measurements of concentration trends wth tine
may be of «critical inportance particularly if sedinent
concentrations are changing appreciably wth tine. For
exanpl e, sedinents may at |east partially cleanse thensel ves
once the primary source of contamnation is renoved. Thi s
cl eansing process, or reduction in concentration of
contam nants in sedinments, may be due to a conbination of
biotic degradation of the contamnants together wth the
addition of wuncontam nated sedinents

For a planned renpval or a remedial response
operation involving sedinments, it is considered that a Type |
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and a Type Il error are of about equal significance.
Furthernore, an attenpt at cost recovery which mght lead to
mtigation is a likely successor to these studies.
Accordingly, it is inportant to achieve the highest order of
preci sion feasible. Present ed bel ow are suggested gui delines
for DQCs that nmay be used for planned renoval and renedi a
response studies.

Confi dence Level Power Rel ative Increase
(1 - a) (1 -8) from Background or
an Action Level to
Be Detectable with

Probability (1-8)

90- 95% 90- 95% 10-20%
MONI TORI NG OR RESEARCH STUDI ES

The guidelines for these studies for confidence |evels,
power, and detectable relative differences should be set on the
basis of the objectives of the studies. As actions which may
be taken on the basis of resulting data beconme nore and nore
significant and costly, greater effort should be placed on
achieving an increased level of reliability for the data.
Publication of the results in a peer-reviewed journal wll also
usual ly require some denonstration that an adequate QA/ QC pl an
has been incorporated into the experinental protocol.
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CHAPTER 4

STATI STI CAL CONSI DERATI ONS
| NTRODUCTI ON

This chapter reviews the role of statistics in the
sedinment pollution nonitoring process. Statistics is a
science of data collection and analysis to efficiently obtain
I nformation concerning questions of interest. W t hout
statistics there would be no basis for conparison of sanpling
procedures of equal cost. There are nunerous texts and
journals dealing with statistics. Some references that relate
to the statistics of sedinent sanpling are given in this
chapter. The techniques presented in these references will not
be discussed in detail. The user is encouraged to utilize the
referenced materials if additional information is required.
However, in the actual planning of a sedinment sanpling design
the reader is advised to consult a professional statistician.

DI STRI BUTI ON OF SEDI MENT SAMPLI NG DATA

Statistical sanpling plans are based on assunptions
concerning the probability distributions of the measurenents to
be made. These assunptions should be consistent with results
from past surveys taken wunder simlar conditions. The
variability in sanple data is a function of the variable being
nmeasured, the analytical procedure, and the sanpling procedure.
If the distribution of a nmeasurenent is normal, it is symetric
about its expected value (center of gravity of the probability
distribution) and its variability is uniquely determned by its
variance (variance is the noment of inertia of the probability
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distribution about its nean when probability is treated as

mass) . The symretry nekes the expected value a reasonable
measure of [ocation, whereas in non-symetric distributions
ot her nmeasures may be preferred (e.g._the nedian). Al so, the

statistician has neans of dividing variance into conponents
representing various sources of variation. Wth nost other
probability distributions, the variability is only partially
described by the variance. Hence, these properties of
symmetry, and variance representing variation, are two of the
prime reasons for transformng variables so that the new
distributions are approxi mately nornal. Procedures for such
transformations are given in Box and Cox (1964) and in Hoaglin
et al. (1983). A discussion of the inmportance of the normality
assunption and sone possible transformati ons appears in Scheffe
(1959, Chapter 10). In what follows, we shall assune that the
data have been transformed to near nornality.

In the paragraph above, only variables with quantitative
measur enents were consi dered. |f the variable of interest has
a count neasurenent, such as radioactivity or presence or
absence of a pollutant, other statistical methods are required.
These nethods are wusually denoted qualitative or discrete
statistical nethods. Bi shop et al. (1975) is a good reference
to these procedures. The nethods of this chapter should not be
applied to count data.

The environnental scientist can obtain information on the
distribution of a variable by conducting an exploratory or
pi |l ot study. The exploratory studies conducted during the
initial phases of an investigation can provide an indication of
the site specific probability distribution pattern and the

transformation to normality that may be needed. McKay and
Pat erson (1984) discuss the use of the normal, |og normal and
Wei bull distributions in environnmental studies. The

environnental scientist is interested in finding the |ocation
and amounts of pollutants that enmanated from a source;
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therefore the pilot study should provide information on both
cont am nat ed and background sedi nent areas.

Additional information about the distributions of
nmeasurenents of pollutants nmay be obtained from EPA s Regi onal
Ofices and Laboratories and EPA's National Enforcenent
| nvestigation Center in Denver, Col orado.

STATI STI CAL DESI GNS

The design and nethod of analysis for the sanpling study
nust be determ ned before the sanmpling is undertaken. | npr oper
design or analysis may invalidate the resulting conclusions, or
prevent valid conclusions from being made. Care nust be taken
not to allow tinme of sampling to be confounded with an effect
being estimated. Also it is very inportant that the individua
sanpl es and subsanples be taken in such a way that the
nmeasurenents are conparable. Basi ¢ i deas of sanpling design
may be found in Hansen et al. (1953) and Gy (1982). Two of the
sinpler designs are the sinple random sanpling design and the
stratified random design. In the sinple random sanpling
design, the n sanple points are randomy selected in such a way
that all conbinations of n points in the popul ati on have the
sane chance of being chosen. Wil e the sinple random design
allows easy methods for the analysis of data, it is inefficient
in the use of resources and is infrequently used in practice.
The stratified random design is one in which the area under
study is subdivided into smaller areas (strata) that have the
potential of being markedly different in pollutant
concentrations and then sinple random sanpling is done within
each stratum This procedure ensures that no large sub-area is
wi thout sanple points and thereby helps reduce sanpling
variance when there are substanti al differences in
concentrations between strata. Met hods for optimzing the
choice of the nunber of strata and nunber of points wthin
strata are given in the text by Hansen et al. (1953).

47



There are two basic approaches to the planning and
anal ysis of sedinment sanpling. ©One is the traditional sanpling
nmodel approach, found in Hansen et al. (1953), which uses
random zation in the selection of sanple points, as a
probability basis for statistical i nference, and an
anal ysi s-of -vari ance nodel approach to inference. The second
Is a "geostatistical" nodel approach using the idea that an
underlyi ng random process created the spatial distribution of
the wvariable. The geostatistical approach involves the
estimation of spatial structure of random functions and Kkriging
to estimate isopleths of variable values. An introduction to
t hese procedures may be found in Journel and Huijbregts (1978).
The nethods given in this chapter relate to the nore
traditional analysis-of-variance sanpling nodel

Tvype | and Tvpe |l Errors

The environnmental manager may w sh to nmake an inforned
decision through a statistical test of hypothesis based on the
sedi nent sanpl es. For exanple, he may need to deci de whether
the study area is contam nated or not. The hypothesis to be
tested is the "null" hypothesis of no contam nation, which
m ght be expressed as

H: ug = pg (or pg < up)

where u stands for the nean of a population and the subscripts
S and B stand for the study and background popul ations
respectively. If the test rejects the hypothesis above, then
the alternative hypothesis of study-area contam nation

A: ugs > up

Is accepted. This test is a one-sided test in that Ais yg>yug.
In a two-sided test, the two hypotheses are H ug#uwg, and
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A. g= g. For exanple, the two-sided test nay be of interest in
determ ni ng whet her pollutants have caused a change in pH

A test of hypothesis is basically a decision rule
specifying a test statistic (i.e. a function of the sanple
data) and a set of possible values of that test statistic,
called the critical region of the test., such that if the val ue
of the test statistic for the obtained sanple data is in the
critical region, the null hypothesis is rejected and the
alternative hypothesis is accepted. | f the value of the test
statistic does not fall in the critical region, the alternative
hypothesis is not accepted. Two types of error are possible.
The acceptance of the alternative hypothesis when the nul
hypothesis is true (false positive) is said to be a Type |
error. Failure to accept the alternative hypothesis when it is
true (false negative) is a Type Il error. The two types of
error may be equally well defined in terns of acceptance and
rejection of the null hypothesis. Then one would say that if
the value of the test statistic is in the critical region, the
conclusion is to reject the null hypothesis; otherw se one

accepts the null hypothesis. Simlarly, one nmay call the
conpl ement of the critical region, the acceptance region.
Figure 4 illustrates a two-sided test situation where the

acceptance region is the interval below the center of the
density curve and the critical region consists of the two
interval s bel ow shaded tails of the density curve. The maxi num
probability allowed for a Type | error in testing a hypothesis
is called the significance level of the test. The significance
level of a test is comonly denoted by the Geek letter alpha
(a), Typical values used for significance levels are 0.001
0.01, 0.05 and 0.10. The value chosen depends on the
consequences of making a Type | error and is not limted to the
typi cal val ues. The diagram below illustrates the
rel ati onshi ps described for Type |I and Type Il errors.
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TRUTH

H A
Accept H Type |
Correct rror
DECI SI ON
Accept A | Type | Correct
Error
The probability of a Type Il error (i.e., the

probability of accepting the null hypothesis when it is false)
Is usually denoted by the Geek letter beta (8) and is
typically a function of & sanple size, and the size of the
deviation fromthe null hypothesis. The probability that the
alternative hypothesis wll be accepted when it is true (i.e.

the probability that the test statistic will take on a value in
the critical region when the alternative hypothesis is true) is
called the power of the test and nay be denoted by (1-8).
Typically, the experinmenter will specify the smallest deviation
from the null hypot hesis that he <considers to be
scientifically, economcally, or environnentally inportant to
detect and then specify the power of the test that he wants for
that specific alternative. Cbviously he wants the test to have
high power for the scientifically inportant alternative and |ow

significance |evel. However, it is evident that if one
i ncreases power by increasing the size of the critical region,
one is also increasing significance level. One way to increase

power, w thout increasing significance level is to increase the
amount of information; that is, increase the sanple size.

Figure 4b shows the probability density curve for a test
statistic under the null hypothesis,

H: u= 30.0
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The shaded portion represents the probability of a Type | error
(a). In Figure 4b the left curve represents the probability
density function of the test statistic when u = 10. The shaded
area in Figure 4b represents the probability (8) of a Type I
error in this situation (Juran et al., 1979).

Nunmber and Location of Sanples

There are three basic procedures for increasing the
precision of statistical estimators and the power of
statistical tests. They are (i) use nore efficient statistical
estimators and tests, (ii) inprove the sanpling design, and
(ii1) increase the sanple sizes. Table 11 in Chapter 6 gives
i nformation on sanple sizes to use when enploying t-tests of
means. Di scussion concerning the origin and use of these
tables is also given in Chapter 6. Additional tables for the
determ nation of sanple sizes can be found in Beyer (1968).
The use of t-tests requires sone form of random selection
process so that the standard deviation of an observation may be
esti mat ed.

Stratification is a sanpling procedure for inproving
preci sion of estimates. This techni que nakes use of scientific
know edge that the neasurenents may be quite different in
different identifiable segnents of the area being sanpled. A
typical stratification criterion used in soil science is the
soil type. Another criterion that mght be useful in sedinent
sanpling is distance from point sources of pollutants.

Role of Quality Assurance in Experinental Desiagn

The Quality Assurance Oficer should be intimately
involved in the review of the experinental or sanpling design
proposed by the investigator. He should require that the
i nformati on obtained provide neasures of the conponents of
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variance that are identified in the field. An additi onal
quality check that should be undertaken as part of the QA
program is the review of the design by qualified sedinent
scientists and other peers that are in a position to provide
t he necessary oversight of the sanpling effort.

Broms (1980) makes the follow ng statenent; "There should
be a bal ance between the soil investigation nmethod, the quality
of the soil sanples, and the care and skill spent on the

preparation and the testing of the sanples. There is no point
in spending time and noney on careful sanple preparation and on
testing if the quality of the sanples is poor." This statenent
Is equally applicable to sedi nent sanpling. The QA program
must address the total flow of information from the design to
the reporting of the results. The sanpling design is the
foundation of the whole study, therefore, it should be given
maxi mum support if the purposes of the sanpling effort are to
be net.

Conmponents of Variance

The conponents of variance analysis, (see Scheffe,
Chapters 7 and 8) provides estinmates of the portion of the
total variation comng from each of the sources of variation in
the neasurenents. Basic assunptions of this procedure are that
the neasurenments are normal in distribution, independent, and
each source has constant variance. An excellent exanple of the
use of this technique is provided in a report by the Electric
Power Research Institute (Eynon and Switzer, 1983). An exanpl e
presented in Table 3 gives the conponents of variance for
hypot hetical sanple data from a stratified random design wth
four strata, three random sanples per stratum two subsanples
per sanple, and one analysis per subsanple. (The stratum
effects are assumed fixed here, so this is really a m xed-node

53



TABLE 3. ANALYSIS OF VARIANCE OF A NESTED SEDI MENT SAMPLI NG DESI G\
Stratum Sanple Subsanple Xjjyx Xij Xio o ) RPN
(i) (i) (k)
1 1 1 3.17
2 2. 64 5.81
2 1 1.79
2 3.00 4.79
3 1 2.20
2 1.95 4.15 14.75
2 1 1 1.10
2 2.94 4.04
2 1 2. 77
2 1.95 4.72
3 1 2.71
2 3.00 5.71 14. 47
3 1 1 4.33
2 4.50 8. 83
2 1 4.25
2 4.53 8.78
3 1 3.87
2 4.79 8. 66 26. 27
4 1 | 5.03
2 4.65 9.68
2 1 3.95
2 3.76 7.71
3 1 4.79
2 4.63 9.42 26. 81 82.30
| -4 b=3 n=2

| C= (x...%zl(lbn) = (82.30)2/24 = 282 ,2204
|1, Total: IXfy = C = (3.172+...44.632) - 282.2204 = 29.8656

Strata: IX;?

<=

Jha = C = (14.752+...426.812)/6 - C = 23.7517

Samples: IXfj/n - C = (5.812+...49.422)/2 - C = 26.3109
V. Sanples in Strata: IV - Il = 2.5592
VI. Analysis of Sanple: Il |V = 3.5547
ANOVA TABLE
Source of Degrees of Sum of Mean Expect ed
Variation Freedom Squar es Squar e Mean_Squar e
Strata 3 23.7517  1.9172 Vp * Vg + boM/3
Sanpl es/ Strata 8 2. 5592 0.3199 V, + aVg
Anal ysi s/ Sanpl es/
Strata (error) 12 3. 557 0. 2962 Va
Tot al 23 29. 8656
82 = 0.2962 estimates V, or variance due to subsanpling and analysis

82 = (0.3199 -

0.2962)/2 = 0.0118 estimtes Vg

where Vg is the variance due to sanpling within strata.

M=
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analysis (i.e. sonme random and sone fixed effects), but it
does provide estimtes of conponents of variance fromwthin
stratum sanpling and conbined subsanpling and analytical
errors). The results in Table 3 would indicate that the
experimenter should either have made a greater effort to reduce
subsanpling and analytical errors or taken nore subsanples
since the error variance is much larger than the variance
bet ween sanmples within strata.

Conpositing of Sanples

A technique that is often enployed to reduce sanple
handl i ng and anal ytical costs is the conpositing of sanples.
Conbi ning the sanples from several sanpling |ocations reduces
the costs for analysis. This procedure is used extensively by
agricultural workers to determne fertilizer requirenments for
farm fields. Peterson and Calvin (1965) nake the follow ng
statement about the technique:

“I't should be pointed out that the conposite sanples

provide only an estimate of the nean of the
population from which the sanples formng the
conposite are drawn. No estimate of the variance of
the nmean, and hence, the precision with which the
nmean is estimted can be obtained from a conposite of
sanpl es. It is not sufficient to analyze two or nore
subsanples from the same conposite to obtain an
estimate of the variation within the popul ation.

Such a procedure would permt the estimtion of

variation anong subsanples within the conposite, but

not the variation anmong sanples in the field.

Simlarly, if conposites are formed from sanples

within different parts of a population, the

variability anong the parts, but not the variability

within the parts, can be estinated. If an estinmate

of the variability anobng sanpling units within the
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popul ation is required, two or nore sanples taken at
random wthin the population nust be analyzed
separately."”

Youden and Steiner (1975) caution against the use of the
conposite sanple for nuch the sane reasons as those outlined
above. Since a prinme purpose of Q¥ QC is to assess and assure
the accuracy (i.e., lack of bias and |evel of precision) of the
data and of estimates obtained from the data, it is essential
that estimates of the precision be nade from the data.
Therefore, the conpositing of sanples cannot, in general, be
recommended.

Sonme work on determning the precision of estimtes of
the nmean from conposite sanples has been published. Such
estimates of precision usually require some strong assunptions
about variance conmponents and/or the stochastic nature of the
conposite sanples (see Duncan (1962) and Elder, et al.
(1980)).

Split Sanples, Spiked Sanpl es and Bl anks

Split sanples, spiked sanples and blanks are used to
provide a neasure of the internal consistency of the sanples
and to provide an estinmate of the conponents of variance and
the bias in the analytical process. To obtain an unbiased
measure of the internal consistency of sanples and their
anal yses, the individual sanples should be |abeled wth a code
nunber in such a way that the chem st (and preferably also the
| aboratory) do not know the relationship between the sanples
that he is analyzing. This reduces the chances of conscious or
unconscious efforts to inprove the apparent consistency of the

anal yses.
Sanmpl es can be split to:
0 Provi de sanples for both parties in a litigation or

potential litigation %%tuation.



0 Provide a neasure of the within sanple variability
(this is needed in order to determne the
I nfluence of other factors that may be confounded
w th sample splitting.)

0 Provide materials for spiking in order to test
recovery.
0 Provide a neasure of the sanple bank and extraction
error.
The location of the sanple splitting determnes the
component of variation that is neasured by the split. A split

made in the sanple bank neasures error introduced from that
| evel onward. A split made in the field includes errors
associated wth field handling. A split or series of
subsanples nmade in the laboratory for extraction purposes
measures the extraction error and subsequent analytical errors.

Spi ked sanples are prepared by adding a known anount of
reference chemcal to one of a pair of split sanples. The
results of the analysis of a split conpared with the non-spike
menber of the split neasures the recovery of the analytica
process and al so provides a nmeasure of the analytical bias.

Spi ke sanples are difficult to prepare wth sedinent
material itself. Frequently the spike solution is added to the
extract of the sedinments. This avoids the problem of m xing,
etc. but does not provide a neasure of the interaction of the
chemcals in the sediments with the spike, nor does it provide
an evaluation of the attraction efficiency.

Bl anks provide a neasure of various cross-contam nation
sources, background levels in the reagents, decontam nation
efficiency and any other potential error that can be introduced
from sources other than the sanple. For exanple, a trip blank
measures any contam nation that may be introduced into the
sanpl e during shipment of containers fromthe |aboratory to the
field and back to the |aboratory. A field blank neasures input
from contamnated dust or air into the sanple. A
decont am nati on bl ank neasures any chem cal that may have been
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in the sanple container or on the tools after decontam nation
I's conpleted.

The nunber of QA/QC sanples have been selected by a rule
of thunmb that one out of every twenty sanples is to be assigned
to each of the categories of sanples. This ratio has been used
successfully in several major USEPA studies (USEPA, 1982, 1984).
Table 4 presents the breakdown of QA/QC sanples used in these
previously conducted nonitoring studies.

DATA ANALYSI S

The topics that follow are designed to provide insight
into the use of statistical techniques for evaluating the data
obtai ned during an investigation. They are not by any neans
exhaustive, but are chosen to provide the basis for designing
the quality assurance portions of a sanpling effort and to
provide the basis for obtaining the nost benefit fromthe data
acquired.

Bias

The variation seen in analytical data can be conposed of
variation within the sanple itself, variation introduced in
sanple collection or preparation and variation in the analysis of
the samples. The variation can further be divided into sanple
vari ation and bi as. Bias identifies a systematic conponent of
the error that causes the nean value of the sanple data to be
ei ther higher or |lower than the true nean value of the sanples.
Bias nust be due to a fault in the sanpling design, sanpling
procedure, analytical procedure or statistical sanple. An
exanple of a bias would be the error in analytical results
I ntroduced by an instrunent being out of calibration during a

portion of the analysis. Laboratories usually introduce
reference sanples into their sanple load in order to detect these
changes. Bias in sedinent sanpling is difficult to detect. The
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TABLE 4. OAN QC Procedures FOR SEDI MENT SAMPLES

Procedure

Fi el d Bl anks

Sampl e Bank Bl anks
Ecavy, Eilanys

Decont am nati on Bl anks
VA ATE BuAS

Reagent Bl ank

Calibration Check Standard

Spi ked Extract

Spi ked Sanpl e

Conmrent s

One for each sanpling team
per day. A sanple container
filled with distilled,
de-ioni zed water, exposed
during sanpling then anal yzed
to detect accidental or

i nci dental contamination.

The bl ank, about one for each
40 sanpl es, passed through
the sanple preparation
apparatus, after cleaning, to
check for residual

cont ani nati on.

A bl ank, about 1 for each 20
exanpl es, passed over the
sanpling apparatus after
cleaning, to check for

resi dual contamintion.

One for each 20 sanmples to
check reagent contanination
level .

One for each 20 sanples to
check instrument calibration.

One for each 20 exanples to
check for extract matrix

effects on recovery of known
added anal yte.

e for each 20 sanples. A
separate aliquot of the soil
sanpl e spiked with NBS Lead
Nitrate to check for soil and
extract matrix effects on
recovery.
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Table 4. CONTI NUED

Procedure

8. Total Recoverable

9. Laboratory Control Standard

10. Re-extraction

11. Split Extract

12. Triplicate Sanple (Splits)

13. Duplicate Sanple

Conmrent s

One for each 40 sanples, a
second aliqout of the sanple
is digested by a nore
vigorous nethod to check the
efficacy of the protoco

net hod.

One for each 20 sanples. A
sanpl e of NBS River Sedinent
carried through the

anal ytical procedure to
determne overall nethod

bi as.

One for each 20 sanples. A
re-extraction of the residue
fromthe first extraction to
determne extraction

ef ficiency.

One for each 20 sanples to
check injection end
instrunent reproducibility.

One for each 20 sanples. The
prepared sanple is split into
three portions to provide
blind duplicates for the

anal ytical laboratory and a
third replicate for the
referee laboratory to
determine interlab precision

One for each 20 sanples to
determne total random error.
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presence of bias can be proven by use of one of the techiques
described below. On the other hand it is difficult to prove that
bias is not present because the absence of bias may be the result
of the inability to neasure it rather than its actual absence.

Standard Additions-- It is necessary to conduct special
experiments in order to detect bias in the sanpling effort. The
maj or technique used is that of adding known anmounts of standard
solutions to the sanples: it is recommended that this be done in
the field or in a field [aboratory. The main probl em encountered
is that m xing sedinments to obtain honogeneity is difficult in a
| aboratory nuch less in the field. Several known quantities of
the standard are added to sanples taken in the field. The
results should follow the equation for a straight Iine:

y =a + bix

where x is the increase in concentration and y is the val ue
obt ai ned by the | aboratory. Bias is indicated if the data do
not follow the straight line equation, or if a < O. I f the
units of x and y are the same, the value of b, should be unity;

and significant deviations from unity indicate a proportiona

bias (Al maras, 1965).

| nt er nal Consi stency-- |If several sanples of sedinents of
different size are analyzed for a constituent, the results
should fit a linear equation of the form

y =a + byZ

where Z is the quantity of sanple analyzed. The anmount of

chem cal detected should be directly related to the quantity of

the sanple analyzed. The plot of the (y,Z) data should be

essentially linear; if not, bias is indicated. The intercept,

a, should be within sanpling error of zero and the slope b
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shoul d represent the concentration of the chemcal in the
sediments. A linear graph in which the intercept is definitely
nonzero would indicate an additive bias in the analytica
procedure.

Confidence and Prediction Limts

Typically one wishes to estimate the concentration of
neasured pollutants in the sedinents and to indicate the
precision of these estimates. To indicate precision of an
estimate one nmay provide the standard error or a confidence
interval for the expected value of the concentration. \Were
statistical designs have been used in the sanpling, the
anal ysis of variance (ANOVA) provides needed information for
cal cul ating standard errors and confidence intervals.

The confidence interval is bounded by confidence [imts
(CL). The confidence limts are "the bounds of uncertainty
about the average caused by the variability of the experinent"”
(Bauer, 1971). The limts for the nean are defined by the
follow ng equation.

CL=X + ts//m

where x = sanple nmean, s = sanple standard deviation, m =
nunber of sanples and t = Student’s t value at the desired
| evel of confidence and with degrees of freedom associated with
s in the ANOVA (see Appendix A, for values of t).

Consi der again the exanple of Table 3. If all the strata
represent equal area subdivisions of the study area, the
| ogi cal estimate of the expected concentration for the study
area is just the sanple nean of the 24 neasurenents,

x = 82.3/24 = 3,43
whi ch coul d al so be obtained by first finding the average of

each pair of subsanples and then averaging these 12 sanple
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val ues. The variance of the average over a pair of subsanples
I'S

Vp/2 .
Wen one averages over the 12 sanples, a new source of
variation enters in; nanely, the sanples-within-strata

(sanples/strata) variance. Therefore, the variance of the
sanple nean is

[Vg + Vp/21/12 = (Vp + 2Vg)/24
The quantity,
Vp + 2Vg
is estimated by the nean square for sanples/strata in the ANOVA
table with 8 degrees of freedom Therefore our estimate of the

standard error of the nean, s/Ym, (s = /0.3199 = 0.5656 and m =
(2)(12) = 24) is

0.5656//24 = 0.115
The table in Appendix A gives t = 2.306 for a two-sided
confidence interval with 95% confidence based on an estimate of

s with 8 degrees of freedom Hence the 95% confi dence interval
in this case is bounded by the confidence limts.

CL = 3.43 + (2.306)(0.115) = 3.16, 3.70.
Prediction limts (PL) (see Hahn, 1969; and GQuttrman et al.,

1982) are simlar to confidence limts in appearance but are
used to identify an interval into which a randomy chosen
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future sanple value fromstratumi should fall. The defining
equation for these limts is:

PL = Xj+ts/((1/n)+(1/bn))

where xj is the sanple nmean for stratumi. Hence, one can say
for the above exanple that if one nore sanple were randomy
taken fromthe stratum 1, one would be 95% confident that the
nmeans of the anal yses on the two subsanples would give a val ue
between the prediction limts,

PL = 2.46 +  (2.306)(0.5656 /¢
= 2.46 + 1.06
= 1.40, 3.52

Qutliers

A problem that is particularly prevalent in data obtained
fromfield sanples is that of outliers (i.e., observations that
are discordant with the rest of the data set). The basic
guestion is whether it is reasonable to expect such a
di scordant observation in the sanple; if not, the mneasurenent
is considered an outlier. The cause of the outlier may be an
error of procedure in sanmpling, subsanpling, chem cal analysis,
or the transcribing of data; or it may be due to an anonaly
that would indicate that a change is required in the assuned
nmodel for the process (e.g., vegetation that takes up a heavy
nmetal being measured is not present at one of the sanple points
and this causes a nuch higher nmeasurenent at that point than at
the others).

The di scordance of an observati on depends on the assuned
probability distribution for the variable being neasured. A
nmeasurenent that is large relative to the other neasurenents
may appear discordant to an observer who assumes a nornal
distribution for the variable, but not discordant to another
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observer who assunes that the probability distribution of the
variable is highly skewed to the right. Hence, tests of
hypot heses concerning the presence or absence of outliers are
based on assunptions concerning the underlying probability
di stribution. Many tests have been devised for normal, gamms,
and Poisson distributions. A book by Barnett and Lewis (1978)
lists many of these outlier tests and al so gives tables of
critical values for the tests.

In environmental nonitoring, extremely |arge neasurenments
of pollutant concentrations are particularly disturbing. A
test that is good for checking a discordant neasurenent on the
right of a data set (i.e., the largest neasurenent) having an
underlying normal probability distribution uses the test
statistic

W= (Y(n)"?)/s

where Y(n) is the |argest observation in a sinple random sanple
of size n, Y is the usual sanple nmean, and S is the sanple
standard deviation. The test declares the |argest observation
to be an outlier if the test statistic is at least as |large as
the critical value for the test. Table Vila in the book by
Barnett and Lewis gives critical values for this test. For a
stratified random sanple, n would represent the stratum sanple
size and the nmean would be for the stratum

Unfortunately, there are many problenms with outlier tests.
They typically have rather |ow power for all but |arge sanples.
The tests are also affected by the unknown nunber of outliers
present. In addition, as m ght be expected, they are sensitive
to departures fromthe assuned probability distribution. They
should be used only with great caution in prelimnary studies
where the nature of the probability distribution is largely
unknown.
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Testing of Hypothesis

The nost commonly used test of hypotheses for conparison
bet ween two popul ati on neans or for conparison of a popul ation
mean with sone standard value is a t-test. To conpare two
means, using data from sinple random sanples of the two
popul ations, the followng test statistic is enployed:

tg = (X} - X2)/sp/[1/n1)+(1/n3)]
where, the pooled standard deviation,
sy, = /[ {(n -l)sz+(n -l)s2 }/(ny+ns=2)1
D 1-1)s1+(na=1)s3 }/(ny+ny

and xj, sj, and nj are the sanple nean, sanple variance, and
sanple size for the ith (i=l,2) sanple. In this two-sanple
t-test, one is either testing the null hypothesis, H: p1#us,
against the two-tailed alternative that two neans are
different, A: me¥uz, or against a one-tailed alternative, A:
u1>u2. For the two-tailed case, one accepts the alternative
hypothesis only if |tg| > t, where t is the value found in
the table of Appendix A and listed in the l1-a colum, for
two-tailed tests, and the (nj+ny~-2) (df) row For the
one-tailed alternative, one accepts the alternative hypothesis
only if tg >t, where t is now obtained fromthe sane row of
the table, but fromthe 1= colum for one-tailed tests. Not e,
in the table that, "confidence level"” is one mnus significance
|l evel and reflects a correspondence between confidence
intervals and tests for neans based on the Student’s
t-distribution.

The one-sanple t-test which conpares a popul ati on nean
with a standard value may arise in determ ning whether the nean
concentration of a pollutant in a study area exceeds a
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specified action level. The test statistic for this test is
te = (X - L)(v/n)/s

where L is the standard value (action level) and s is the
sanpl e standard deviati on. One-and two-tailed tests are
performed in the sane way as described above for the two-sanple
test, except that the nunbered degrees of freedomis now (n-1).
In dealing with action |levels one would be interested in the
one-tailed test.

Exanpl e:
A prelimnary study is done in an area suspected of being
contam nated with polychlorinated biphenyls (PCB s). Si xt een

sedi nrent sanples were collected fromboth the study area and
from a background area through the use of sinple random
sanpling. Table 5 lists the data and their summary statistics.

TABLE 5. PCB STUDY TO DETERM NE CONTAM NATI ON OF AN AREA
( HYPOTHETI CAL DATA)

Background Area (ppb) Study Area (ppb)

35. 8 38.5 47.0 50.0

45.5 36.0 62.0 49. 6

35.5 40.5 47.0 53.5

32.0 35.5 59.5 68.0

50.0 45.5 40.0 60.0

39.0 37.0 57.5 45.0

37.0 36.0 48.5 42.5

47.0 53.0 53.0 58.7
xg = 40.23 ppb sg? = 36.8825 ng = 16 cvg® = 15. 1%
Xg = 52.61 ppb s§2 = 60. 2598 nS = 16 cvg = 14.8%

*CV - Coefficient of variation in %

The test statistic is calculated as foll ows:
8p = V/[15(36.8825 + 60,2598)/(16 + 16 -~ 2)] = 6.97
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the critical value t, for a a = 0.01 significance |eve
one-tailed test with 30 degrees of freedom is found in the
Appendi x A table to be 2.457. The observed val ue of the test
statistic, 5.02, is much larger than the critical value and so
one woul d conclude that the nmean | evel of PCB concentration in
the study area is larger than that in the background area.
Wiile the difference in the two sanple neans was found to be
statistically significant at the 1% significance |evel, one may
still wonder whether the difference is scientifically
significant in terns of potential health hazard. W can be 99%
confident that the mean concentration of the study area exceeds
that in the background area by

Xg - Xxg - ts Y[ (1/ng)+(1/ng)]

52.61 - 40.23 - (2.457)(6.97)/(2/16)
6. 28 ppb.

This is a one-tailed confidence interval; Hg-Hp>6.28ppb.)

The t-tests are based on the assunptions that the data
are independent, normally distributed with equal variances, and
that all observations from the sane sanple have the sane
expected val ue. In the two-sanple t-test the assunptions of
normal ity and equal variance may be relaxed if sanple sizes are
essentially equal. One-tailed one-sanple t-tests on data from
a non-normal skewed distribution nay have probabilities of Type
| and Type Il errors that are considerably different from
t hose determ ned on the assunption of a normal distribution.
If the sanples are not sinple random sanples but do have a
random conponent in their selection such as in stratified
random sanpling, then the estinmate of standard deviation and
the cal cul ation of degrees of freedomw |l be affected. One
will use the positive square root of the ANOVA table nean
square for "Sanples" as the estimate (s or sp) of standard

68



deviation in the test statistic, and the degrees of freedom for
t will be the degrees of freedom for "Sanples"” in the ANOVA
tabl e.

Consi der again the data in Table 3 as comng fromstrata
of equal area and suppose the action level is 3.0. The test of
the hypothesis H w = 3.0, against the alternative, A u>
3.0, would have test statistic,

tc = (X - 3.0)vn/s

= (3.43 - 3.0)v/24//0.3199
3.72

If a 1% significance level is to be enployed, one would find in
Table 1 in the colum headed 99 under the one-tailed test and
in the row headed 8 (df) the nunber 2.896. Since the observed
value of the test statistic is not less than the critica

val ue, the alternative hypothesis should be accepted; that is,

the nean level of pollutant concentration is above action
| evel .

Statistics Associated with Biological Monitoring

The statistical procedures |listed above apply primarily
to the direct neasurenent of contamnants in sedinents.
However, considerable research in the nonitoring of water
quality wusing benthic species counts and application of
nonparanetric and nultivariate statistical analyses has
appeared over the past 20 years. A presentation of some of the
statistical procedures and sone references to this literature
are given by Ball, et al. (1981).
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CHAPTER 5

EXPLORATORY STUDY
| NTRODUCTI ON

Once objectives have been defined which involve the need
for sedinment sanmpling, the next step is to develop a total
study protocol including an appropriate QA QC program
CGeneral ly, not enough information or data will be available to
proceed directly. The recomended approach is to conduct an
exploratory study first that includes both a literature and
informati on search along with selected field neasurenents nade
on the basis of some assuned transport nodel.

In order to provide a framework for the discussion, a
hypot hetical situation involving an abandoned hazardous waste
site will be described. In this scenario there is substanti al
reason to believe that an abandoned waste site for hazardous
chemcals is leaking chemcals into the surrounding environnent
whi ch includes a few scattered farns and a nedi um si ze river
which enpties into an estuary of the Gulf of Mexico about
twenty kilometers downstream

The established objective for this hypothetical situation
is to conduct an environnental assessnent of the site and its
environs to determ ne whether a short or long term hazard to

man or the environment exists. |f a hazard exists, its nature
and extent nust be defined and appropriate reconmendati ons made
to bring the hazard under control. Assunme that a study teamis

organi zed to address this problem and that the sedinment study

group’s task is to identify and make an assessnent of potenti al

probl ens associated with sedinents in the river and in the

estuary. Q her nenbers of the team wll be concerned with
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soil, ground water, and air pollution problens and their
conseqguences. All data gathered by specific nenbers of the
teamw || be shared with the entire team

Questions which nust be answered by the exploratory study
include but are not limted to the follow ng:

o What wastes have been placed at the disposal site
over what tine periods?
o What chem cals in what anmounts have escaped fromthe

site via what transport routes and what is the
present geographical extent of these chem cal s?

o What adverse effects on human health or the
envi ronment have been reported in the site vicinity?
o What is an appropriate background, or control region

to use for the study?

Before taking any field neasurenents, a conprehensive
literature and information search should be conducted to
determne what information may already be avail able. Only
after relevant information has been collected, collated, and
eval uated should any field measurenments be taken. The results
of the exploratory study wll provide information and field
data that will serve as the basis for the design of a nore
definitive nonitoring study. Thus, any field neasurenents
taken shoul d include appropriate Q¥ QC neasures to detern ne
the quality of the data.

Assunme that the information and literature search elicit
the following items. The wastes are from a chem cal conpany
whi ch specialized in petrochem cal products. The wastes were
pl aced at the site beginning about forty years ago and ending
about fifteen years ago when the conpany went at of business.
Metal drums containing the wastes were covered over with a thin
| ayer of soil prior to abandonnment of the site. Some of the
known constituents of the wastes have been |isted as hazardous
by the USEPA Compl aints from nearby residents constitute
strong evidence that sonme of the hazardous constituents have
escaped from the site in surface waters, and because the

71



groundwater at this site is not very deep, there is reason to

suspect that it too may be contam nat ed. No quantitative
information was found on concentrations of the hazardous
chemcals in soil, surface waters, groundwater, air, locally

produced food, or sedinents. A few recent studies in varied
| ocati ons were found in which neasurenents for sonme of the
hazardous chenicals of concern had been nmade in sedinents. The
coefficient of variation for these studies averaged about 30%

NUMBER AND LOCATI ONS OF SITES FOR SAMPLI NG

The sedinent study group concludes that there s
sufficient evidence to warrant conducting an exploratory study
in the sedinents of the nearby river. Usi ng the guidelines
suggested in Chapter 3, plus information obtained from the
literature search, the follow ng input factors are established
to determine the required nunber of sanples: cv = 30%
Confi dence Level = 80% Power = 95% and M ni num Detectabl e
Rel ative Difference = 20% The approxi mate nunber of sanpl es
required for a one-sanple one-sided t-test of the hypotheses,
H:u=L versus A:u>L may be calculated using the follow ng
fornula (Guenther, 1981)

n > [(z,+ z.g)/1:1§l + 0.522

where Z 4 is a percentile of the standard nornmal distribution
such that P(Z 2 2,)=a, 25 is simlarly defined, and

D = (mnimm detectable relative difference)/CV
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Hence, for this exanple,

n > [(0.842+1.645)/(20/30))2 +0.5(0.842)2
n > 13.917=0.354=14.269
n =15 (note:always round UP)

For a two-sided one-sample t-test, determne n by replacing z
in the above fornmula with 2y/2% that is, in the above exanple
replace 0.842 with 1.282 to obtain n=21.

For a one-sided two-sanple t-test, the sanple size for
each sanpl e should satisfy the fornmula,

n>20(z_ + 2,)/D12 40,252 2,
o B ")

Again to obtain the corresponding mninmm nunber for a
t wo-si ded two-sanple t-test, change z, to za/2'

To determne the locations of these sanples, the follow ng
approach is suggested. Estimate the sanpling |ocation(s) on
the river closest to the waste site via the likely surface
water flow Label this spot zero on a coordinate system
extending down river. Stratify the study region and |ocate the
sanpling points systematically as shown in the followng
sket ch.
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Fi gure 5. Sketch map of river showng stratified regions and
sanpling points.

The first stratumwould be fromO to 1 km the second from1 to
3 km and the third from3 to 7 km Locate sanpling transects
at 1/4, 1/2, and 3/4 the distance along the river from the
beginning of the stratumto its end. Locate sanpling points
along the transects at 1/6, 1/3, 1/2, 2/3, and 5/6 the distance
frombank to bank. This provides 15 sanpling points wthin
each stratified region as required.

It is suggested that a background region be established
approximately 10 km upstream from the 0 point of the river-
based coordi nate system and extending about 1 additional km
upstreamto define a region the sane size as the first study
stratum The fifteen sanpling points in the background region
woul d then be located as they are in the first study stratum

The QA QC program for the exploratory study nust be
adequate for the resulting data to serve as a foundation for
further studies. For our hypothetical case, it is suggested
that three duplicate sanples be collected fromeach stratified
study region (to include the background region as well).
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Also it is suggested that three sanples fromeach stratified
region be split into triplicate sanples. It is recomended
that a nodest nunmber of additional independent QA/ QC sedi nent
sanpl es be taken at approximate m d-points between sel ected
sanmpling points at locations in stratified regions in which the
hypot heti cal nodel predicts the highest concentrations will be
f ound. Data from these additional sanples wll give sone
neasure of how well the QA QC plan is achieving its objectives.
In addition, all normal analytical QA QC procedures such as
field and trip blanks, etc., should be operative for the
expl oratory study.

SAMVPLI NG AND SAMPLE HANDLI NG

An approved protocol should be followed for sanpling,
handl i ng, |abeling, transporting, and chain-of-custody
procedures for sanple containers and sanples. The possible
presence of volatile pollutants should be considered in the
sel ection of an appropriate protocol. Sanple volunmes wll be
specified by the analytical [|aboratory depending on the
anal ytical nethods to be used and the desired sensitivity.
Oten, in addition to neasurenents of principal hazardous
constituents in sedinents, other chemcal, physical, or
bi ol ogi cal neasurenents wll be nade for various purposes.
Exanpl es of possible additional desired nmeasurenents for either
the exploratory or the definitive study are presented in Table
6.

75



TABLE 6. COMMON MEASUREMENTS FOR SURFACE WATER, AQUATIC
ORGANI SM5 AND SEDI MENT SAMPLI NG

Cheni cal Physi cal Bi ol ogi ca
Di ssol ved oxygen Col or FI sh
Phosphat e Turbidity Bent hi ¢ Macr oi n-

vertebrates
Ni trogen series Vater tenperature Peri phyt on
Alkalinity Stream velocity Phyt opl ankt on
Silica Water depth Zoopl ankt on
pH Sedi ment conposition Macr ophyt es
Speci fic conductance Macr oal gae
Solids (TDS, TS, TSS) Bacteria
Organic matter and
demand

Pesti ci des
Heavy Metals

Sour ce: USEPA, 1982a

The sanpling device used should be consistent with the
objectives of the final study. In general, the sinplest
sanpling tool deened to be adequate should be used. The
advant ages and di sadvantages of some bottom grabs/sanpler and
of sonme coring devices are presented in Tables 7 and 8,
respectively. It can be seen that all nethods of sedinent
sanpling have disadvantages as well as advantages. Wen
choosing a sanpler, weigh the type of sanples needed to achieve
the objectives of the study against the advantages,
di sadvant ages, and cost of the various alternatives.

Surface sanpling should normally be augnented with a
nodest nunber of sedinent core sanples to determ ne how the
various measured paraneters vary as a function of depth. These
addi ti onal sanples should be located in areas in which the
hi ghest contam nation |evels are expected. Data from t hese
sanples will provide information for deciding if nore than
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surface sedinents need to be sanpled in the final definitive
st udy.

Addi tional concerns in sanpling design include whether
sanpl es should be conposited, frequency of sanpling, sanple
preparation for analyses, and the QA QC aspects of all of these
par anet ers. The exploratory study provides a Ilimted
opportunity to investigate sonme of the above subject areas.

The maj or concerns with regard to conpositing of sedinent
sanples are that the sanples be representative and that high
concentrations not be cancelled out in the calculation of the
mean by being averaged with too many | ow |l evel sanples. The
best approach usually is not to conposite unless there is
adequate justification for doing otherw se. The exploratory
study cannot be designed to obtain information on tenpora
patterns in sedinment concentrations since the study nust be
conpleted in a relatively short period of time. Thus, tenporal
trends should be addressed in the final study.

Sanple preparation for analyses introduces sone
possibilities for errors. The sanple preparation may involve
drying, grinding, mxing, or sieving. Also, prior to sanple
preparation, non-sedinent material nay be renoved from the
col  ected sedi nent sanpl e. Any equi pnent or devices used in
sanple preparation nust be carefully cleaned between each
sanpl e to avoid cross-contani nation. The final rinse fluid
used for cleaning equipnent should be sanpled to provide a
decontam nation sanple blank for wuse in evaluating the
cl eanup efficiency. Col l ection of one sanple blank after
processi ng each 20 sanples has been used successfully in sone
EPA studi es (USEPA 1982, 1984).

One of the possibilities for error during the sanpling
process is discarding non-sedinment material collected with the

sedi nent sanple prior to analysis. It is suggested that all
such discarded material be retained. Ten percent of these
sanples should be sent to the analytical |aboratory for

anal ysis with the remai nder being archived. Care nust be taken
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in evaluating and interpreting these data as data quality wll
be a function of analytical capability.

In order to nake this report nore self-contained, the
enter chapter on Sanple Handling and Docunentation from the
conpani on soil document (Barth and Mason, 1984) is included in
Appendi x B.

ANALYSI S AND | NTERPRETATI ON OF DATA

Anal ysis and interpretation of all information and data
resulting fromthe exploratory study will provide the basis for
designing the final definitive nonitoring study including all
el emrents of the QA QC pl an. For exanpl e, decisions nust be
made on whether the selected control area is adequate; whether
t he hypot hesi zed nodel is valid; whether the study area shoul d
be stratified in a different way; what nunber of additiona
sanpl es should be collected at what |ocations; whether the
QN QC plan for sanpling is adequate; etc. Al deficiencies or
errors detected should be corrected in the final study design.

If the exploratory study is conducted well, it wll
provi de sone data for achieving the objectives of the study; it
wi Il provide data concerning the feasibility and efficacy of

nost aspects of the study design including the Q¥ QC plan; it
wll serve as a training vehicle for all participants; it wll
pi npoi nt where additional neasurenments need to be nade; and it
will provide a body of information and data for incorporation
into the final report for the total study.

A summary of sonme assuned results from an exploratory
study for the specific hypothetical case posed in this chapter
wi Il be provided at the beginning of the next chapter. These
results will then be used to indicate corrections and additions
needed for the final definitive study.
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CHAPTER 6

FI NAL DEFI NI TI VE STUDY

| NTRODUCTI ON

Followi ng analysis and interpretation of the information
and data resulting fromthe exploratory study the next step is
the design of the final definitive study. Any problens with
the Q¥ QC plan noted during the exploratory study should also
be solved by appropriate nodifications of the plan. The
procedure will be illustrated by extending the hypothetica
case study defined in Chapter 5. To do this it is necessary to
present some assuned summary results fromthe exploratory study.
Accordingly, Table 9 gives nean val ues and standard devi ati ons
obtained in the various stratified regions and in the
background, or control region, for the principal hazardous
constituent deened to be critical in the sense of posing the
greatest potential danger to man or the environment. The units
are parts per billion in the sedinents by weight.
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TABLE 9. SUWARY COF SELECTED HYPOTHETI CAL RESULTS FROM THE
EXPLORATORY STUDY.

Regi on Background(|5)* 1(15) 2(15) 3(15)
(Stratum

Mean (ppb) 1.24 13.2 15.1 11.5
eV (% 30.3 45.2 40.7 47.6

Sanpl es taken at different depths in Region 1

Dept h Mean (pphm V(9%
0-4 in (5) 14. 8 48.1
4-8 in (5) 5.21 52.4
8-12 in (5) 1.75 56. 7

*  Numbers of sanples in parentheses.

Assune that three duplicates and three triplicates were
taken in each of the stratified regions as part of the Q¥ QC
plan for the exploratory study and that the resulting data
confirmed the adequacy of two duplicates and two triplicates
per stratified region. Al normal analytical QA QC procedures
were in force and no problens were identified. Q her sanpling
efforts confirnmed the presence of the contam nant neasured in
sedinents in surface water, groundwater, soil and selected
foods, with the |argest concentrations observed close to the
hazar dous waste site. Anal ysis of variance of the sedinment
data showed that in excess of 70% of the total variance was due
to |ocation.

Returning to an evaluation of the hypothetical results
shown in Table 9 allows certain tentative conclusions to be
drawn.

0 Sedi ments are sufficiently contamnated to be a cause

for concern.
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o The background area selected is adequate (The nean
determned is close to other reported background
| evel s).

o The inmplicit hypothesized nodel which expected the
hi ghest nean concentration to be in Region 1 is
guesti onable since Region 2 had a slightly higher
mean.

o The nean value for Region 3 suggests that sedinents
farther downstream are likely to be significantly
cont am nat ed.

o The depth neasurenents taken suggest that only the
top 8 inches of sedinents may be contam nated
significantly.

In view of these conclusions certain matters wll need to be
clarified in the definitive study. Some questions which should
be answered include the follow ng:

o How far down streamare the sedinents significantly
cont am nat ed?
o What are the relative contributions of surface water
and groundwater to the contam nation of sedinents?
o How are the sedinent |evels changing as a function of
time?
o Wat are the | evels of contam nation in human foods
derived directly or indirectly through contact with
sedi ment s?
o] Wat is the inpact of contam nated sedinents on
aquatic biota?
o How should the study area be stratified in the
definitive study?
These questions will be discussed at sone length in subsequent
sections of this chapter.
It is likely that for a situation of this type an

enmergency action level, as well as a long termresidual I|evel,

woul d be specified by a decision-making official if none exists.

The nost likely nedia for such an action limt would be
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dri nking water and/or foods. Such an approach would require
that a nodel be available or developed to |ink contam nant
level s in sedinents to drinking water and/or food levels. Such
a derived level in sedinents mght be used as an operational
action |evel.

SELECTI ON OF NUMBERS OF SAMPLES AND SAMPLI NG SI TES

Assume that, after careful consideration of all avail able
infornation, a decision official has cone to the concl usion
t hat emergency action is not warranted but a renedial response
operation is called for. Referring back to Chapter 4,
recommended val ues for confidence |evel, power, and m ninum
detectable relative difference are 90-95% 90-95% and 10-20%

respectively. Table 11 presents the nunbers of sanples
required to achieve these values for different coefficients of
variation (CV). Table 10 bel ow summari zes the situation over

the range of the recommended values for an assuned average CV

of 25% This assunes that the CVs neasured in the exploratory

study can be reduced by nore judicious stratification of the

study region.

Table 10. NUMBER OF SAMPLES REQUI RED PER STRATI FI ED REG ON AS
A FUNCTI ON OF | NDI CATED PARAMETERS.

M ni num No. of
Confi dence Level Power Detectable Relative Sanpl es
D fference
95% 95% 10% > 69
95% 90% 20% 219
90% 95% 20% > 15
90% 90% 20% > 12

The decision-nmaking official decides to go wth a
confidence level of 90% a power of 95% and a mninmm
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TABLE 11. NUMBER OF SAMPLES REQUI RED I N A ONE- SI DED ONE- SAMPLE
t-TEST TO ACH EVE A M Nl MUM DETECTABLE RELATI VE
DI FFERENCE AT CONFI DENCE LEVEL (1-a) AND PONER

OF (1-8).
Coefficient Power Confi dence M ni nrum Det ect abl e
of Level Rel ative D fference
Vari ation
(A (A (% (%
_ 5 10 20 30 40
10 95 99 66 19 7 5 4
95 45 13 5 3 3
90 36 10 3 2 2
80 26 7 2 2 1
90 99 55 lé [ 5 4
95 36 10 4 3 2
90 28 8 3 2 2
80 19 5 2 1 1
80 99 43 13 [ 4 4
95 27 8 3 3 2
90 19 6 2 2 2
80 12 4 2 1 1
15 95 99 145 39 12 7 5
95 99 26 8 5 3
90 78 21 6 3 3
80 57 15 4 2 2
90 99 120 32 11 6 5
95 79 21 7 4 3
90 60 16 5 3 2
80 41 11 3 2 1
80 99 94 26 9 6 5
95 58 16 5 3 3
90 42 11 4 2 2
80 26 7 2 2 1
20 95 99 256 66 19 10 7
95 175 45 13 9 5
90 138 36 10 5 3
80 100 26 7 4 2
90 99 211 55 16 9 [
95 139 36 10 6 4
90 107 28 8 4 3
80 73 19 5 3 2
80 99 164 43 13 8 6
95 101 27 8 5 3
90 73 19 6 3 2
80 46 12 4 2 2
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TABLE 11. CONTI NUED.
Coef fi ci ent Power Confidence M ni nrum Det ect abl e
of Level Rel ative Difference
Vari ation
(% (% (%
5 10 20 30 40
25 95 99 397 102 28 14 9
95 272 69 19 9 6
90 216 55 15 7 S
80 155 40 11 5 3
90 99 329 85 24 12 B
95 272 70 19 9 6
90 166 42 12 6 4
80 114 29 8 4 3
80 99 254 66 19 10 7
95 156 41 12 6 4
90 114 30 8 4 3
_ 80 72 19 5 3 2
30 95 99 571 145 39 19 12
95 391 99 26 13 8
90 310 78 21 10 6
80 223 57 15 7 4
90 99 472 120 32 16 11
95 310 79 21 10 7
90 238 6l 16 8 5
80 163 41 11 5 3
80 99 364 84 26 13 9
95 224 58 16 8 5
90 164 42 11 6 4
: _ 80 103 26 7 4 2
35 95 99 775 196 42 25 15
95 532 134 35 17 10
90 421 106 28 13 8
80 304 77 20 9 6
90 99 641 163 43 21 13
95 421 107 28 14 8
90 323 82 21 10 6
80 222 56 15 7 4
80 99 495 126 34 17 11
95 305 78 21 10 7
90 222 57 15 7 5
80 140 36 10 5 3
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detectable relative difference of 20%  Accordingly, a mninum
of 15 sanples will be required per stratified region which by
chance happens to be the sane nunber of sanples used in the
exploratory study. Additional QA QC sanples necessary have
been indicated in Table 4, Chapter 4. It Is suggested that
fifteen additional depth sanples be taken in Region 2 in the
sanme fashion as they were taken in Region 1 in the exploratory
st udy.

In deciding on how to stratify the study region for
the nore definitive study, the information gained in the
exploratory study should be used. Since the neans in Regions 1
and 2 for the exploratory were alnost equal, it seens justified
to conbine theminto a single region. Thus, the suggested new
stratified regions are as shown in Table 12 bel ow.

TABLE 12. NEW STRATI FI ED REG ONS FOR THE MORE DEFI NI Tl VE
STUDY.
Region A Region B Region C
0-3 km 3- 9 km 9 - 21 km

Note: All regions now extend only fromthe near bank to the
mddl e of the river. See di scussi on bel ow.

Note that the estuary into which the study river flows is 20 km
fromthe O point of the river coordinate system Thus, Region
C extends 1 kmfromthe nmouth of the river into the estuary.

Location of sanpling sites within the stratified regions
Is the next order of business. Assume that analysis of data
fromthe exploratory study showed consistently that sanpling
points fromthe mddle of the river channel to the far bank
gave nmuch lower |evels than the other sanpling points. This
finding serves as the basis for altering both the
stratification and the sanpling site selection process for the
nore definitive study into study regions extending only from
the near bank to the mddle of the river channel.
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Al so, note that conbining old Regions 1 and 2 into new
Regi on A neans that 12 measurenments (the other 18 obtained are
now out si de Region 4) are already available in Region A from
t he expl oratory study. It is recommended that 6 additi onal
sanpl es be taken in Region A at sites 1/12 and 1/4 the distance
along the three sanpling transects used for the exploratory
st udy. Region B contains 6 neasurenents from the exploratory
study, but with no neasurenents beyond kil onmeter 6. It is
suggested that 4 additional nmeasurements (at sites 1/12, 1/6,
1/4, and 1/3 the distance along the cross-river transects)
be made at kiloneters 7 and 8. In addition, 6 additiona
sanpl es should be taken in Region B at sites 1/12 and 1/4 the
di stance along the sanpling transects used for the exploratory
study. This will give a grand total of 20 neasurenents for
Regi on B. For Region C it is suggested that 4 sanples each be
taken along transects (at sites 1/12, 1/6, 1/4, and 1/3 the
di stance across the river) located at kiloneters 11, 14, 17 and
20 and that 4 sanples each be collected in the estuary at sites
1/12, 1/6, 1/4, and 1/3 the distance fromthe near shore and
along arcs centered at the nouth of the river and at distances
of 1/2 and 1 km This will provide a total of 24 sanples for
Region C. The plan proposed thus calls for the collection of
44 additional sanples. The extra sanples suggested for Region
C are to get a better estimate of the contam nation of
sediments in the estuary.

Coordi nati on woul d have to be established wth water and
food sanpling teans to assure that they direct a portion of
their nore definitive study efforts to obtaining nmeasurenents
in water and food which mght be related to sedinment
nmeasur enent s. It would be particularly inportant to obtain
sanpl es of seafood harvested in the estuary.

Simlarly, coordination would have to be established with
aquatic biologists assessing the inpact of sedinent
contam nants or aquatic biota. Particular attention should be
paid to assessing effects of the contamnants on juvenile
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popul ati ons of human food species as well as reproductive
success of the same species.

So far no attention has been given to the question
concerning relative contributions of surface water and

groundwater to the contam nation of sedinents. Perhaps data
obtained by the teans neasuring these nedia close to the
hazardous waste site wll provide sone inportant evidence.

Geophysical renpte sensing neasurenent tools may help to
del i neate the groundwater hydraulic gradient and patterns of
groundwater flow in the vicinity. Al so, estimates of total
contributions to contamnation of sedinments taken together wth
estimates of surface water contributions enable the groundwater
contributions to be estimated by taking the difference between
t hese two val ues. It is particularly inportant to have an
estimate of the groundwater contribution and how it varies as a
function of tinme in order to evaluate the likely success of
different control options.

Sanmpl e collection, sanple handling, and documentation nust
be done in accordance with an established protocol. In this
I nstance, the sanme procedures used in the exploratory study
shoul d be applicable to and adequate for the nore definitive
st udy. | f problens have been detected in the exploratory
study, appropriate nodifications nmust be nade to sol ve these
probl ens prior to proceeding with the nore definitive study.
Tabl e 13 contains sone suggestions for sanpling containers,
preservation requirenents, and holding tines for sedinent
samples. Audits are perhaps the nost effective tool to ensure
that all aspects of sanmple collection, sanple handling and
docunent ati on are bei ng acconplished according to the approved
prot ocol (See Appendi x D and USEPA, 1985).

The required frequency of sanpling depends on the
obj ectives of the study, the sources and sinks of pollution,
the pollutant of concern, transport rates and di sappearance
rates (physical, chemcal, or biological transformations as
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Table 13. Sanpling Containers, Preservation Requirements, and Holding Tinmes for Sediment Sanples

CONTAM NANT CONTAI NER PRESERVATI ON HOLDI NG TI ME
Acidity PG Cool, 4°C 14 days
Alkalinity PG Cool, 4°C 14 days
Amoni a P,G Cool, 4°C 28 days
Sul fate P,G Cool, 4°C 28 days
Sul fide P,G Cool, 4°C 28 days
Sulfite P,G Cool, 4°C 48 hours
Nitrate P,G Cool, 4°C 48 hours
Nitrate-Nitrite P,G Cool, 4°C 28 days
Nitrite P,G Cool, 4°C 48 hours
Gl and Gease G Cool, 4°C 28 days
Organic Carbon P,G Cool, 4°C 28 days
Metal s
Chromi um VI P, G Cool, 4°C 48 hours
Mercury P, G 28 days
Metal s except above P, G 6 rmonths
Organi ¢ _Conpounds
Extractabl es (including G teflon-lined Cool, 4°C 7 days (until extraction)
phthal atetes, nitrosanines cap 30 days (after extraction)
organochl orine pesticides
PCB's nitroaromatics
i sophorone, Pol ynucl ear
aromatic hydrocarbons
hal oet hers, chlorinated
hydr ocar bons and TCDD)
Extractabl es (phenol s) G teflon-lined Cool, 4°C 7 days (until extraction)
cap 30 days (after extraction)
Purgabl es (hal ocarbons G teflon-lined Cool, 4°C 14 days
and aromatics) septum
Purgabl es (acrolein and G teflon-lined Cool, 4°C 3 days
acrylonitrate) septum
Ot hophosphat e P,G Cool, 4°C 48 hours
Pesti ci des G teflon-lined Cool, 4°C 7 days (until extraction)
cap 30 days (after extraction)
Phenol s P,G Cool, 4°C 28 days
Phosphorus (el enental) G Cool, 4°C 48 hours
Phosphorus, total P,G Cool , 4°C 28 days
Chlorinated organic G teflon-lined Cool, 4°C 7 days (until extraction)
conpounds cap 30 days (after extraction)

Pol yet hyl ene(P) or dass(Q

Sanpl e preservation should be perforned imediately upon sanple collection. For conposite sanples
each aliquot should be preserved at the tine of collection. Wen inossible to preserve each

aliquot, then sanples my be preserved by maintaining at 4°C until conpositing and sanple splitting

is conpleted.
Sanpl es shoul d be anal yzed as soon as possible after collection. The times listed are the maxi mum
times that sanples may be held before analysis and still considered valid. Sanples may be held for

onger periods only if the analytical |aboratory has data on file to show that the specific types of
sanpl es under study are stable for the longer tine.
For additional information see Ford et al. (1983).
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well as dilution or dispersion by any other neans). Sanpling
frequency may be related to changes over tinme, season, or
precipitation. Little information wll be available on
sanpling frequency fromexploratory study data. However, these
data will provide baseline information at a given point in time
fromwhich future trends may be nmeasured. Assessnent of future

trends will establish whether sedinment concentrations are
i ncreasing, decreasing, or renaining fairly |evel. Eval uati on
of these trends will be inportant to selection of appropriate

renedi al response neasures or to the determnation that
renmedi al response neasures will not be required.

The recomrended procedure for establishing tine trends is
to sanmple nonthly for the first year. Evaluation of the trend
of the data wll then enable a determnation to be nade
concerning possible changes in sanpling frequency. |f the only
concern is for tinme trends in each stratified study region,
t hen conpositing 15 or nore sanples from each region for each
nonthly sanple nmay be the sinplest way to proceed. On the
other hand, if the changing of spatial patterns with time is of
i nterest, the conpositing approach would not be recommended.
In the latter case, the time trends for changes in individual
sanples at definite |ocations would be needed. Thus the
preferred approach would be to repeat the sanpling program
previously described at nonthly intervals until sufficient data
accurmul ate to justify changing the sanpling frequency intervals.
The major focus should be on the highly contam nated and
i mredi ately adj acent areas.

Qual ity assurance/quality control procedures for frequency
of sanpling validation nmay be acconplished through techniques
such as trend line or interdiction analysis. Also, the taking
of initial samples on a frequency considered to be nore often
than is likely to be required may provide sone redundant data
but will assist in verifying the adequacy of the sanpling plan
A conparison between the first sanples taken and the nost
recently collected sanples should show a decrease in pollutant
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concentrations unless there is a new source of pollutants,
there is mgration into the sanpled sedinents, there is an
error in the data, or the decrease is not sufficient to be
resol ved due to the variability of sanple data. This test
becones a better indicator the |onger the study runs.

The analysis and interpretation of Q¥ QC data from the
nore definitive study should show how all aspects of the tota
QN QC plan conbine to give an overall level of reliability for
various aspects of the resulting data. Another goal may be to
determ ne whether all QA/QC procedures used were necessary and
adequat e. This entire evaluation nust be closely linked to the
obj ectives of the study. |In summary the inportant questions to
be answered are, "Wuat is the quality of the data?" and "Could
the sane objective have been achieved through an inproved Q¥ QC
desi gn which may have required fewer resources?"

It is desirable to provide sunmmari zed tables of validated
QN QC data in the final report. For exanple, QA/QC data
val i dation procedures used in a nunber of soil sanpling studies
reported by Brown and Black (1983) included validation of
sanpl e data sets by checking and assessing the acconpanying
QY QC dat a. In order to make this report nore self-contained,
the entire chapter on analysis and interpretation of QA QC data
from the conpanion soil docunent (Barth and Mason, 1984) is
included in Appendix C. This approach is equally applicable
for sedinment sanpling data. The criteria for QA QC sanples and
procedures used to validate all data should be clearly stated.

From such tables of validated Q¥ QC data it is possible to
determne bias, precision (total random error), conponent
random errors associated wth reproducibility, extract matrix,
sanple matrix, and sanple honogeneity, interlaboratory
preci sion, and uncertainty.

Presentation of QA QC data allows readers to verify
conclusions drawn as to reliability of the data. Such
presentation also contributes to the building of a body of

QY QC data in the literature which allows conparison to be nade
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bet ween and anong st udi es. Speci al enphasis should be placed
on expl aining how overall |evels of precision and confidence
were derived from the data.

As a final check, the adequacy of all aspects of the QN QC
plan should be examned in detail with enphasis on defining for
future studies an appropriate mninmum adequate plan. Sone
aspects of the plan actually used nay have been too
restrictive, while others may not have been restrictive enough
Appropriate analyses and interpretation of the data should
identify the actual situation.

There is insufficient know edge dealing with sedinent
nonitoring studies to state with confidence which portions of
the Q¥ QC plan wll be generally applicable to all sedinent
nmoni toring studies and which portions nust be varied depending
on site-specific factors. As experience is gained, it may be
possi ble to provide nore adequate guidance on this subject. In
the neantine, it is recommended that the best approach is to
assune that inmportant factors of QAN QC plans may be site
specific and to conduct an appropriate exploratory study at
each new study site to verify that various aspects of the QN QC
plan are adequate to neet program objectives prior to
proceeding with the final definitive study.

In lieu of providing hypothetical data resulting fromthe
nore definitive study, a brief general discussion will be
provi ded indicating possible conclusions which mght be drawn
from the data. Conparison of the cal cul ated means and standard
deviations for each stratified study region to any assigned
action level by appropriate statistical nethods outlined in
Chapter 4 will establish which stratified regions presently
have concentrations exceeding acceptable limts. | f action
l evel s are only specified for drinking water and foods, then an
estimated conparable action |level for sedinments nust be derived
from an appropriate nodel

If tinme trend analyses indicate that concentrations in
sedinments are increasing with tine, peak val ues have not yet
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been achi eved. In this case, available data from the study
teanms should be conbined with alternative control options and
an appropriate nodel to predict when and where the maxi num
future values will be found as well as their estimted peak
concentrations.

If time trend analyses indicate that concentrations in
sedi nent are decreasing with tine, projected values for the
future should be predicted by conmbining data from their study
teans with alternative control options and an appropriate nodel.
If the trends show concentrations decreasing rapidly enough,
there may be no necessity for control actions.

The case in which tine trends show fairly constant val ues,
or sonetinmes increasing and sonetines decreasing ones, should
be treated simlarly to the case in which concentrations are
increasing with tine.

For the nore definitive study, additional neasurenents in
sedi nrents over and above the concentrations of the hazardous
waste of concern should include as a mninumthe follow ng for
each sanpling period:

Depth of the river

Fl ow rate

Suspended solids

Bed | oad

pH

Tenperature

Li ving species populations and diversity in sedinments

Body burdens of the hazardous waste for sel ected species

dwel l'ing in sedinents

Adverse effects on selected species dwelling in sedinments

The purpose of these extra nmeasurenents, in addition to their

intrinsic value, is to validate existing sedinent transport

nodel s or provide data on the basis of which nodifications may

be made in existing nodels or new nodels nmay be devel oped. The

bi ol ogi cal neasurenents may assist in either defining adverse
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effects on sedinent biota or in providing information for
| inking contam nation in sedinent biota to contamnation in
human foods via nodels.

Data fromthe nore definitive study describing variations
in sedinent concentrations wth depth will show how effective
dredging to different depths mght be in the renoval of the
cont am nati on. If dredging is even contenplated, safe and
effective nethods for disposing of the dredge spoil nust be
avai | abl e.
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APPENDI X A
PERCENTI LES OF THE T DI STRI BUTI ON

Confidence Level (%):100(1-a) for two-tailed test

20 40 60 80 90 95
Confi dence Level (8):100(1-0) fOor two-tailed test
60 70 80 90 95 97.5
.325 727 1.376 3.078 6.314 12.706 31
.289  .617 1.061 1.886 2.920 4,303 6
277 .584 .978  1.638  2.353 3.182 4
271 . 569 .941  1.533  2.132 2.776 3
.267  .559 0920 1.476  2.015 2.571 3
.265  .553 .906 1.440  1.943 2. 447 3
263 . 549 .896 1.415 1.895 2. 365 2
.262 546 .889 1.397 1.860 2.306 2.
261 . 543 .883 1.383 1.833 2. 262 2
.260  .542 879  1.372 1.812 2.228 2
.260  .540 876 1.363 1.796 2.201 2
.259 539 873 1.356 1.782 2.179 2
.259 . 538 870 1.350 1.771 2.160 2
.258 537 .868 1.345 1.761 2. 145 2.
.258  .536 .866 1.341 1.753 2.131 2.
.258  .535 .865 1.337 1.746 2.120 2
257 . 534 .863 1.333 1.740 2.110 2
257 . 534 .862 1.330 1.734 2.101 2
.257  .533 .861 1.328 1.729 2.093 2
.257  .533 .860 1.325 1.725 2.086 2
257  .532 .859  1.323 1.721 2.080 2
.256  .532 .858 1.321 1.717 2.074 2
256 .532 .858 1.319 1.714 2.069 2
256 . 531 .857  1.318 1.711 2.064 2
256  .531 .856 1.316 1.708 2. 060 2
.256  .531 .856 1.315 1.706 2. 056 2
256 .531 .855 1.314 1.703 2. 052 2
.256  .530 .855 1.313 1.701 2.048 2
256 .530 .854  1.311 1.699 2. 045 2
.256  .530 .854 1.310 1.697 2.042 2
255 . 529 .851 1.303 1.684 2.021 2
254 527 .848  1.296 1.671 2.000 2
.254 526 .845 1.289 1.658 1. 980 2
.253  .524 .842  1.282  1.645 1. 960 2

100

98
99

. 821
. 965
. 541
147
. 365

. 143
998
896
. 821
764

. 718
. 681
. 650
624
602

583
. 567
. 552
. 539
. 528

. 518
. 508
.500
. 492
. 485

479
473
467
. 462
. 457

423
390
. 358
. 326

99

99.5

(o))

. 657
. 925
. 641
. 604
. 032

. 1707
. 499
. 355

250
169

106
055
012

977

947

921
. 898
. 878
. 861
. 845

. 831
. 819
. 807
197
. 187

179
171
. 163
. 156
. 750

. 704
. 660
. 617
. 576



APPENDI X B
SAVPLE HANDLI NG AND DOCUMENTATI ON

| NTRODUCTI ON

The goal is to define the segnent of the QA QC plan dealing
with all aspects of sanple handling including the transfer of the
sanple from the collecting device to a suitable container,
transportation of the sanple, and the preparation of the sanple
for analysis. The inportance of all these aspects of sanple
handl i ng and possible errors introduced thereby will naturally
vary wth the sanpling nethods, nonitoring objectives,
characteristics of the soil being sanpled and the physical and
chem cal properties of the pollutants of concern.

CONTAI NER PREPARATI ON, LABELI NG  PRESERVATI OQN, AND SAMPLE
PREPARATI ON

The sanpling protocol and the Q¥ QC plan nust address the
follow ng factors.

o Typﬁ_gf container material, its size, shape and the type
of lid.

o Cleaning procedures for the containers

o Decontam nation procedures for sanpling instrunments.

o Decontami nation procedures for sanple bank equi pnent.

o Labeling schene and | og book entries

o Chain of custody procedures

o Sanple preparation procedures in the field

o Sanple preparation procedures at the sanple bank

Due to a lack of specifically tested and reconmended nethods

dealing with the storage, handling, construction and types of
containers, cleaning and decontam nation of containers, and
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suggested materials for container lids for soil sanples it is
suggested that the specifications and nmethods identified in
USEPA, Federal Register Vol. 44 No. 233 (1979) be utilized.

Table B-1 provides general information on reconmmended
contai ners, preservation requirenents, and holding tines for
measuring sel ected contam nants. Even though these procedures

and nethods were specifically designed and tested for water
sanples, they are applicable for soil sanpling studies.

For sanpling studies that require a |arge nunber of sanples
and/ or extensive preanalytical sanple preparation a sanple bank
may be established. The sanple bank is the el ement that operates
between the field sanpling effort and the anal ytical |aboratory.
However, for smaller studies the sanple banks responsibilities
are often incorporated into the responsibilities of the field
sanpling teamor the analytical |aboratory.

If a sanple bank is established, sanple bank personnel can
assune responsibility for the foll ow ng procedures:

0 Custodian for all records pertaining to the sanpling,
sanpl e preparation as required, and shipnent of soi
sanples to anal ytical |aboratories.

0 Responsibility for record filing and storing, for
storing and preparation of soil sanples, and for
di spensing containers, sanpling equipnment and all
cust ody docunents such as chain-of-custody fornms and
sanpl e collection and anal ytical tags, as required.

0 Responsibility for updating and nmaintaining the
projects’ master |og book, auditing the records as
requi red, generating sanple bank QC sanple bl anks,
acceppin% QY sanples for inclusion into the
anal ytical scheme, and for scheduling the collection of
field sanpl e bl anks.

0 Responsibility for conpleting, as required, analysis
data reporting forns and for assuring that al
chai n-of -custody requirements pertaining to all
field sanpling, shipping and sanple bank operations,
are adhered to.
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Tadle 8-] Smmpling Contsimers, Preser:etion Msquresents, end Molding Tames for $oi) Semples

CONTAM INANT CONTAIN R PRESCAVATION MOLDING TIE
Acicity [ 81 Cool, 4°C 16 dnys
Alualsruty r.c Ceol, 4°C 14 @ays
Ao 8 rc Cool, 4°C 20 days
Suifete [ N1 Cool, 4% 28 My
Sulfioe rc Cocl, 4°C 28 @y
Sulfite r.c Cool, 4°C &0 heurs
Ntrete (N1 Cool, 4% &8 hours
Nitrate-Mitrite r.L Cea), 400 28 ye
futrite rc Cool, 4° A8 hours
011 ond Crease [ Cool, 4°C 28 @ys
QSreenac Carton (N3 Ceo), 4°% 28 mys

Metals
e ¥ [ X Cesl, 4% 48 hours
erewy *C 28 &y
fetals sxceot sbove .0 6 sonthe

nic_Compounds
Extractedles (incluting G, teflon-limed Cool, 4°C 7 @oys (unt)) extraction)
phthaletes, rutrosesines c8p 30 deys (ofter extraction)
srganochliorine pasticices,
PCP’'s nitrosramatics,
ssprorore, Polynciesr
erematic tyOrecsroons,
haloethers, thlorinsted
hydrocsroone end TCDD)
[xtractadlies (prencis) G, teflonlined Cool, 4°C 7 days (until extrection)
esp 30 geys (ofter smtrection)

Purgadiss (ralocartons G, teflon-limd Cool, 4OC 18 @ays

ond eromatics ) septum
Purgadles (scrolein snd €, tefion-laned Cool, 4°C 3 dnys

actylonstrate ) septun
Orthaprosonete rc Cool, 4% 48 hours
Pesticides C, teflon.laned Csol, &°C 7 @ays (unti) straction)

osp X @sys (efter estraction)

Prorcils (N1 Cool, 4%C 20 &ys
Promhorus (elementsl’ [ Ceoi, 4% &0 hours
Phowmhorus, total [ 81 Cool, 4°C 28 wvs
Chiorinated erganic G, teflon-lamed Cool, 4SC 7 gays {unti} etraction!

SEEpOUNTe

30 @sys (after straction)

Polyetnylorw (P) or Glass(C)

Semple preservation ghould te merfereed ismedietely won emple collection. (or ecmvosite sesgies
¢ aliawdl Swvis W ereserved ot tiw tiw of coiiection. Wwn seposeibie to preserw sach
sliquot, then memcies asy be preserved b asintsining st 4°C unti] cempositing end sample splitting
s ecempietec.

Semples ®wuld te ewiyzed as won ss possible after collection. The times listed sre the maxiew
times that sempies aey e held Sefore snaiysis oo still considered valid. Semcles may te held for
lorge: perieds snly if the snelytics] lsboretery hes @ts on file to wow thet the mecific types of
samples under Study are stsble for the lomger time.

for moditional anformstion e Tord et a! (1983).
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The followng sanple bank procedures have been used
successfully on a nunber of soil nonitoring studies.

A Issuing Supplies:

(1) The sample bank issues as required sanple
contai ners, sanple collection tags, chain-of-custody
forms and site description forns to the sanpling
teans. Sanple collection tags and chai n-of -cust ody
forns are normally accountable docunents; the sanple
bank will log the forns by nunerical lot identifying
t he team and/ or the individual responsible for the
tenporary custody of these docunents.

(2) The sanple bank may be required to store sanpling
equi pnent in a suitable environnent. I f sanpling
equi pment is stored at the sanple bank, issuing this
equi pment to the sanpling teans as required will be
necessary.

B. Accepting and Logging Sanples:

(1) Transfer of sanple custody from the sanpler to
sanpl e bank personnel w Il "normally occur at the
sanmpl e bank.

(2) Before accepting custody of any sanples, sanple bank
ersonnel nust check all ags and forns for
egibility and conpleteness.

(a) Al individual sanples nust have a conpletely
filled out sanple collection tag attached.

(b) Every sanple nust be identified on the
chai n-of -custody form

(c) Each site sanpled nust have a conpletely filled
out site description form

(d) Any discrepancy will be corrected before sanple
bank personnel w Il assunme custody. If a
di screpancy exists that cannot be resolved to
the satisfaction of the sanple bank personnel,
resanpllng, filling out additional tags and
forms, and/or revisiting the site to obtain
necessary docunentation nay be required.
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(e) Al wunused accountable docunents as shown in
Table B-2 nust be returned to the sanple bank
on a daily basis. However, dependi ng upon
circunstances such as a sanpling teams
schedul e and route, accountable docunents may
be retained by the sanpling team | eader. The
sanpl e bank supervisor, however, nust be aware
of the situation.

(3) After the sanpler relinquishes custody and the
sanpl e bank personnel assumes custody of the
Fanpgeﬁé each sanple nmust be |ogged into the master

0g book.

Preparation of soil sanples for analysis may require sanple
bank personnel to dry, sieve, mx and aliquot sanples

appropriately. The preparation procedures selected are
determned by the contam nant to be neasured and the anal ytica
requirenments. Various techni ques and nethods for m xi ng and

conpositing soils have been described by Oregon State University
(1971), USEPA (1984), and Peterson and Calvin (1965).

It is inappropriate to initiate a sanpling study w thout
first consulting wth anal ytical personnel. Col l ecting sanpl es
t hat cannot be suitably analyzed will not provide data necessary
for satisfying the sanpling objectives.

There is the possibility of errors being introduced in
sanple preparation procedures involving the discarding of
non-soil material or of non-sieved material as well as possible
| osses during any grinding or drying operation. The definitive
study deci sions concerning the non-soil fraction nust be nmade on
the basis of the data obtained fromthe exploratory study. For
exanple, available data my indicate that significant
contamnation is in the discarded portion. If so, it is
recommended that the discarded portion fromten percent of the
sanpl es collected from the area having the highest concentrations
be analyzed. An estimate can then be nade of the total anount of
contam nation being discarded by mnmultiplying the neasured
concentration in the discarded material by the total anount of
the discarded material. Assumng that this anmount is uniforni
di stributed through the soil sanple remaining after non-soi
materials and non-sieved materials have been discarded, one can
then calculate an estimted value for the potential soil sanple
total concentration if none of the contamnation had been
di scar ded. Conparison of this potential concentration to the
actual neasured concentration wll enable an estimate of the
possible error to be made.
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If the error estimated by this process exceeds acceptable
limts specified in the Q¥ Q plan, it mght be necessary to
nodi fy sanple preparation procedures for the definitive study.
One m ght consider a sanple preparation procedure in which the
entire collected sanple (soil and non-soil materials) is
extracted in the analytical |aboratory. The analytical results
could then be reported as anounts of contam nant per gram of
m xed material. At present there is no acceptable nethod for
proceedi ng in cases such as these. One problemis the lack of
standard reference materials for determning and neasuring errors
In extraction efficiency. One solution may be to try different
nmet hods of extraction and conpare the results. The fi nal
interpretation of the data nust then take into consideration

these estimated errors.

QUALI TY ASSURANCE ASPECTS

The problem is to quantitate overall errors. The
recommended procedure for verifying that the Q¥ QC plan is being
carried out properly for this chapter’s factors is a periodic
audit, conbined wth a nodest anount of extra sanples and
anal yses related to factors discussed above.
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APPENDI X C
ANALYSI S AND | NTERPRETATI ON OF QA/ QC DATA

| NTRODUCTI ON

One goal in the analysis and interpretation of data is to
show how al| aspects of QN QC for a soil monitoring study conbine
to give an overall level of precision and confidence for the data
resulting fromthe study. Another goal may be to determne
whet her all QA QC procedures which were used were necessary and
adequate and should definitely be incorporated into future
studies of the sane type. This entire evaluation nust be closely

linked to the objectives of the study. In sunmmary the inportant
questions to be answered are, "Wat is the quality of the data
(maxi mum accuracy attainable)?" and also,” Could the sane

obj ective have been achieved through an inproved Q& QC design
which may have required fewer resources?”

PRESENTATI ON OF DATA SUMVARI ES

It is desirable to provide sunmarized tables of validated
QY QC data in the final report. For exanmple, QY QC data
val i dation procedures used in a nunber of soil sanpling studies
report ed bg Brown and Bl ack (1983) included validation of sanple
data sets by checking and assessing the acconpanyi ng Q& QC dat a.
The criteria for Q¥ QC sanpl es and procedures used to validate
all data included:
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Sanpl es and Procedures Exanple Criteria
1. eagent Bl anks Concentrations had to be less
than 0.25 g/mi-1,
2. Calibration Check Recovery must be between 95% and
St andar ds 105% of the known val ue for
either the first analysis or the
first re-check anal ysis.

3.  Laboratory Control Recovery nust be between 90% and
St andar ds 110% of the known val ue for
either the first analysis or the
first re-check analysis.

Data produced by any sanpling and analyzing system are
affected by two types of errors; random and systematic. The
accuracy of any one result then, is a function of the bias (due
to systematic error) and precision (due to randomerror) of the
collection and analysis nethodol ogy. Bias has at |east two
conponents, associated with extraction and instrunent efficiency,
and is assessed by the nean recovery of Calibration Check
Standards and Laboratory Control Standards (LCS). The LCS check
overall bias for the system the Calibration Check Standard
determ nes the instrunmental bias.

Total random error can be assessed by anal yzing duplicate
sanples, but it includes errors due to sanple collection, sample
honogeneity, sanple extraction, sanple conposition (matrix
effects) and instrumental reproducibility. These errors can be
eval uated by the use of the other QC procedures stated above and
are assessed by calculating the standard deviations of the
vari ous anal yses.

The accuracy of analysis, i.e., bias and precision, are
eval uated separately below for the two types of sanples, using
the follow ng equations:

Recovery = Amount Found/ Known Anount (1)

Bias (B) = Recovery - 1. (2)
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Difference (D) = | x3 - x2 where x3 and x2 are the analytica
results of paired analyses and the average is:

- L%’ =X,
D= l_n_l. (3)

and the precision is:

s, = Precision = 0.8862 D (4)

where 0.8862 converts the range of two results to the standard
deviation (Natrella, 1963).

| f conponent errors are used to assess total random error,
t hen

D= (51 + D2 + ...)/n and (5)

Sy = Precision = [0.8862 (D12 + D22 + ...) +512 +822 + ...11/2,

Equation (3) is suitable for use on results where the
concentration varies over a very narrow range. If the
concentrations found vary by an order of magnitude or nore, then
the difference should be normalized by dividing by the average of
the two values and the precision is expressed as the coefficient

of variation (CV) which is s/%

2 z lx - X !1
B+ xdi
CV = 0.8862 D (7

One of the studies discussed by Brown and Black (1983)
i nvol ved | ead contam nated soils. The use and eval uation of the
QC analyses for this soil nonitoring study was presented as
fol | ows:
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The limt of detection, approximtely 0.25 ug ml1=1, was tested on
about 10 blank analyses using a nore sensitive absorbance
wavel ength for lead on an AAS. The result was less than 0.1 ug
ml-1l, or 2 ug g-1 for sanple analysis. This_suggests that nost
of the blank analyses were |ess than 2ug g=1, but this cannot be
sta}eFlmjth any confidence. The results of the QC anal yses were
as foll ows:

QC Sanple NO. Mean S

Cali bration Check Standard 150 101. 5% 2.6%
Laboratory Control fiandard 147 101. 2% 4. 1%

Field Blank (ug ml=+) 76 <0. 25

Sanpl e Bank Bl ank (pg_mi-1) 77 <0. 25

Reagent Bl ank (ug m1=1) 148 <0. 25

Re-extraction Analysis 17 1. 7% 1. 4%

Total Recoverable 144 99. 8% 8.0%

Split Extract (CV) 147 0. 0089 0. 0079

Spi ked Extract 147 99. 4% 5.0%

Spi ked Sanpl e 147 100. 4% 5.1%
Duplicate Aliquot(CV) 134 0. 053 0. 047
Dupl i cate Sanple (CV) 129 0.189 0. 168
Triplicate Analysis (CV) 220 0. 144 0.128

(1) Bi as: The percent recoveries indicated above for the
Cal i bration Check Standards and LCS s suggest a snall positive
bias for the nethod of soil analysis, due principally to

instrument reproducibility. The result, using Equation (2), is:
Bias = Recovery - 1 = 1.012 - 1 = 0.012.

(2) Preci si on: The recovery of the analyte by the analytica
met hod conpared to the "total" recoverable nethod was essenti al
equal and re-extraction of the residue left from the initia
extraction indicated an additional 1.7 % 1.4 percent recovery,
also essentially equivalent. Furthernore, the results of the
three types of blank analyses indicate no nmeasurable
contam nation from reagents, sanple <collection, or sanple
preparati on. The remai ning random errors are eval uated bel ow.
Because of the w de range of concentration of lead in the
sanples, the coefficient of variation is used, Equation (7).
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Precision (total random error) from Duplicate Sanple
Anal ysi s:

CV = 0.168 or 16.8% of sanple concentration
The conponent random errors, summed as per Equation (5), are:
S, = (0.00792 + 0.052 + 0.0512 + 0.0472)1/2 = 0.085.

These random errors suggest that reproducibility
errors(0.0079) are small and that extract nmatrix, sanple matrix,
and sanpl e honogeneity errors are equivalent. The sum of these
errors is about half the total randomerror so the sanpling error
is essentially equal to all other errors conbined.

Interlaboratory precision as calculated from the results of
triplicate analyses, using Equation (7) is:

Precision = CV = 0.128 or 12.8% of sanple concentration

(3) Uncertainty: The data for bias and precision can be

conbined to yield the uncertainty for any reported concentration
by use of the follow ng equation:

U= (1 +B +2¢C) (8)

where Bis the bias, Cis the standard deviation or coefficient
of variation as appropriate, and 2 converts these to the 95
percent confidence limts. For soil analyses, using Equation (8)
and the bias and CV derived above, the 95% confi dence bounds on a
reported value, x are:

Soil result will lie between 0.676x and 1.348x ug g-i.

It is required that the Q¥ QC plan ensure and docunent that
all data collected, whether used for research or for nonitoring

purposes, is scientifically valid, defensible and of known
precision and accuracy. The described presentation of QC data,
t hough designed for analysis of lead in soil, can be used as a
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guide for other sanpling and data anal ysis protocols and/or QA/ QC
pl ans.

Presentation of QA QC data allows readers to verify

conclusions drawn as to the reliability of the data. Such an
approach also contributes to the building of a body of QA QC and
nonitoring experinmental data in the literature which allow

conparisons to be nade between and anong studies. Procedures
used to validate the individual data points should be presented
and where sone points are discarded argunents should be presented
to support these decisions.

PRESENTATI ON OF RESULTS AND CONCLUSI ONS

Speci al enphasis should be placed on how overall |evels of
preci sion and confidence were derived from the data. G eat care
must be exercised to insure that, in determning results and
concl usi ons, assunptions are not made which were not part of the
study design and which cannot be tested by data derived fromthe
study. If portions of the study results are anbiguous and
supportabl e concl usions cannot be drawmn with regard to the total
reltability of the data, that situation nust be clearly stated.
In that event it is desirable to include recomendations for
conducting an inproved study in such a way as to clarify the
observed anbi guities.

QUALI TY ASSURANCE ASPECTS

The adequacy of all aspects of the QA QC plan should be
examned in detail with enphasis on defining for future studies
an appropriate mnimum adequate plan. Sone aspects of the plan
actually used may have been too restrictive, sonme may not have
been restrictive enough. Apﬁropriate anal yses and interpretation
of the data should identify the actual situation.

Future soil nonitoring studies should have checks and
bal ances built into the Q¥ QC plan which will identify early in
the study whether the plan 1s adequate and if necessary, allow
for corrective action to be taken before the study continues.
This is one of the major advantages of conducting an exploratory
study along the lines outlined Iin this report. If there are
problens with the Q¥ QC plan, they wll often be identified in
the exploratory study and be corrected before major resources are
expended.
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There is insufficient know edge dealing with soil nonitoring
studies to state with confidence which portions of the QA QC plan
wi Il be generally applicable to all soil nonitoring studies and
whi ch portions nust be varied depending on site-specific factors.
As experience is gained, it may be possible to provide nore
adequate guidance on this subject. In the neantine it is
recommended that the best approach is to assune that inportant
factors of QA QC plans are site-specific and to conduct an
appropriate exploratory study at each new study site to verify
that various aspects of the Q plan are adequate to neet
pro(gj;ram objectives prior to proceeding with the final definitive
st udy.
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APPENDI X D
SYSTEM AUDI TS AND TRAI NI NG

| NTRODUCTI ON

The material for this chapter has been obtained primarily
from USEPA Kell ogg | daho Study (1984). The first phase of an
auditing program for soil nonitoring projects should be the
preparation of standard operating procedures (SOP) that identify
the nmethods and techni ques necessary to performall aspects o
the required audit. The SOP nust be adequate to performonsite
sanpling and sanple bank (where applicable) audits. The second
phase should then be the actual conduct of the required field
audi t . Audits are conducted by appropriate elenents of agencies
or organi zations having cogni zance over the nonitoring project.
The frequency of auditing should be determ ned by the project
officer. Juran et al. (1979) state that, "the activities subject
to audit should include any that affect quality regardless of the
i nternal organizational |ocation."

A systemaudit is an overall evaluation of a project to:

o Verify that sanpling nethodology is being perforned in
accordance with program requirenments

o Check on the use of appropriate QA QC neasures

o Check nethods of sanple handling, i.e., packaging,
| abel i ng, preserving, transporting, and archiving in
accordance with progam requirenents

o | dentify any existing quality problens

o Check program docunentation, 1i.e., records (site
description, chain-of-custody collection and anal yti cal

tags, field and sanple bank | og books and field work
sheet s)

o Initiate corrective action if a problemis identified
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o Assess personnel experience and qualifications if
required

o Follow-up on any corrective action previously
i npl ement ed

o Provide onsite debriefings for sanpling team and sanple
bank personnel.

o Provide a witten evaluation of the sanpling and sanple
bank program

The purpose of the system audit is to ensure that the Q¥ QC
system planned for the project is in place and functioning well

The auditor first nust review Wrk Plans, Protocols, Test
Pl ans, QA QC Project Plan, and all Program Reports. A discussion
of the current status of the project, and-the identity of any
probl ens encountered, with the project officer is suggested
before conducting the onsite sanpling audit. Sampl e
chai n-of -custody procedures and raw data are checked as
appropriate and results of blind QC sanples routinely inserted in
the sanple load by sanple bank personnel are reviewed.
Spot - checks of sanpling nethods and techniques, sanpling and
analysis calculations and data transcription are perforned.

SAVPLE BANK AUDI T

The prinmary objective is to determne the status of all
SankF Bank docunentati on and archived sanpl es. Enphasis 1is
pl aced on:

o Verifying that the docunentation is in order and
sufficient to establish the disposition of any sanple
col | ected

o Determning any discrepancies that currently exist and
initiating corrective action as appropriate

o - Verifying that the recording of QA QC neasures (bl anks,
duplicate spikes, blinds) is in accordance wth the

QY QC Pl an

o Establishing procedures for final disposition and
mechani cs of transfer of all Sanple Bank hol di ngs upon
term nation of the operation.
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The first step of the audit
records and archived sanples. The
are:

IS to inventory the Sanple Bank
records that nust be inspected

o Chain-of-custody forms
- Field forms
- Anal ysis formns

o Sanple tags
- Field tags
- Anal ysi s tags

o Analysis forns
- I ndi vi dual sanpl es
- Batch sheets

o  Shipnent forns

o Logbooks
- Soi l's
- Daily | og

The operational procedures inspected should include:

o Preparation Procedures (sanple bank or analytical
| abor at ory)

Drying (if used)

Si evi ng

M Xi ng

Packagi n

Shippigngg

o Housekeeping

- Saf ety

- Decont am nati on

- Eval uati on of Swi pe Sanples
o Security

- Fornms (docunents)

- Sampl es

o Storage
- Sanﬁ!ing equi prent
- Archived sanpl es
Check that required docunentation has been maintai ned
in an orderly fashion, that each of the recorded itens is
properly categorized, and cross-checking can be easily perforned.

In addition, ensure that data recording conforns to strict
docunment control protocols and the programs QA QC Pl an.
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The archived sanples inspected can be categorized as
fol | ows:

Soi |
Bl anks
Splits

St andard Reference Materials (S
Non-Soil Materials Collected with the Soil Sanple

000O0O

Conduct an audit of the archived sanples. Verify that
appropriate sanples exist for each entry in the |ogbook. Field
sanpl e tags should be replaced by the appropriate analytica
tags, and chain-of-custody forns are prepared in order to
transfer the sanples. Det ai | ed sanple bank procedures are
presented by USEPA Dallas Lead Study (1984).

DALY LOG

Check for clear, concise entries detailing events of the day
(such as nunbers of sanples processed), problens encountered, and
actions taken to solve them This log can provide excellent
docunentation of the operation of the Sanple Bank.

SAMPLE BANK LOGS

Revi ew these |logs for conplete sanple information entered
Chan?es made shoul d be by crossing out so the original entry is
stil visible, and initialing. In addition checks for the
identification and docunentation of split and duplicate sanples,
and field and Sanpl e Bank bl anks nust be perforned.

SAVPLE COLLECTI ON AUDI TS

It is reconmmended that an audit of the overall Q& QC plan
for sanple docunentation, collection, preparation, storage, and
transfer procedures be perfornmed just before sanpling starts.
The intent of this audit is to critically review the entire
sanpling operation to determne the need for any corrective
action early in the program Additional total programor parti al
audits can be conducted at various tinmes throughout the sanpling
progr am

It is recoomended that the Project Oficer maintain a Q¥ QC
Coordi nator onsite during sanmple collection to nonitor the
sanpling teamis activities, provide technical and corrective
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action suggestions to the sanpling teans, and supplenent
d

performance audits on sanpling as neede
FI ELD AUDI TS
The primary objective is to determne the status of sanpling

operations. Enphasis is placed on

o]

(o]

~ The
equi prrent .

a.

Verifying that operational aspects and procedures are in
accordance with the protocols and QA& QC plan.

Verifying the collection of all sanmples including
duplicates and field bl anks.

Verifying that docunmentation is in order and sufficient
to establish the collection location of any sanple
col | ect ed.

Determ ning discrepancies that exist and initiating
corrective action as appropriate.

Col | ecting i ndependent sanpl es.

on-site field audit is to inspect sanple records and
Records inspected include:

Chai n- of - Cust ody For ns

Sanpl e Tags

Site Description Forns

Log Books

operational procedures inspected should include:

Sanpling Procedures

Equi prment

Techni ques

Decont am nati on

Col l ection of duplicate and field blank sanples
Security

Sanpl e storage and transportation

Cont ai ners

Contam nated waste storage and di sposa

Site Description Formentries
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DATA MANAGEMENT AUDI TS

An audit of the data nanagenent system by tracing the flow
of specific sanples through the system should be perforned. In
particular, the ability of the systemto correctly identify a
sgnq!% from any one of its identification nunbers should be
checked.

Entries in the sanple bank’s |ogbook wll be the basis for
these perfornmance checks. Fromtinme to time, erroneous input
information may be used to audit the system

TRAI NI NG

The project leader of a soil nonitoring project is
responsi ble for ascertaining that all nenbers of his project team
have adequate training and experience to carry out satisfactorily
their assigned mssions and functions. Until a field sanpling
t eam has worked together |ong enough for the project |eader to
have verified this fromfirst hand know edge it is good practice,
in addition to any classroom training or experience, to conduct

conprehensive briefing sessions for all involved parties during
which all aspects of the sanpling protocol, including the Q¥ QC
pl an, are presented and discussed in sonme detail. Thi s approach

will help the project personnel to develop into a team where each
t eam menmber knows his own job well and knows how it fits into the
overall teameffort. Sufficient field training exercises should
follow the briefing sessions wuntil each team nenber can
denonstrate successfully that he can performhis job routinely
well and wthout delay. O course, on subsequent projects of the
sane general type with the sanme team the training exercises nmay
be reduced in nunber or dispensed with as deened appropriate by
the project |eader.

In summary, the sampling effort nust include classroom and
field training prograns that have provided detailed instruction
and practical experience to personnel in sanple collection
techni ques and procedures, |abeling, preservation, docunentation
transport, and sanple bank operational procedures. Al so, special
trainin%)prograns concerni ng procedures and program docunentation
shoul d be conpleted by all personnel prior to their involvenent
in the conduction of any audits.
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Project Summary

Sediment Sampling Quality
Assurance User's Guide

Delbert S. Barth and Thomas H. Starks

This report is to serve as a companion
to an analogous document on soil
sampling quality assurance. Prior to the
design of an adequate quality assur-
ance/quality control (QA/QC) plan for
sediment sampling, there must be
agreement on the objectives of the
sampling program. Answers to the
following questions should be available:
How will the resulting data be used to
draw conclusions? What actions may be
taken as a result of those conclusions?
What are the allowable errors in the
results? Once answers to these ques-
tions are available, an experimental
protocol may be prepared with an
appropriate statistical design and
QA/QC plan.

An overview of selected sediment
models is presented to serve as a
foundation for stratification of study
regions and selection of locations for
sampling sites, methods of sampling,
and sample preparation and analyses.
Discussions of situations relating to
rivers, lakes, and estuaries are included.

Statistical considerations presented
include experimental statistical designs
to enable ANOVA to be accomplished,
discussion of Type | and Type Il errors,
numbers and locations of sampling
sites, bias, confidence and prediction
limits, outliers, and testing hypotheses.
The importance of an exploratory study
to the cost-effective achievement of the
overall objectives of a sediment sam-
pling program is emphasized.

This Project Summary was developed
by EPA’'s Environmental Monitoring
Systems Laboratory, Las Vegas, NV, to
announce key findings of the research
project that is fully documented in a
separate report of the same title (see

Project Report ordering information at
back).

Introduction

U.S. Environmental Protection Agency
(USEPA) quality assurance policy requires
that every monitoring and measurement
project must have a written and approved
quality assurance (QA) project plan.
Among the sixteen elements which must
be contained in all QA project plans are
the following:

@ Project description.

® QA objectives for measurement data
in terms of precision, accuracy, com-
pleteness, representativeness, and
comparability.

e Data analysis, validation, and report-
ing.

@ Specific routine procedures used to
assess data precision, accuracy, and
completeness.

This report, which is a companion to an
analogous document on soil sampling
quality assurance, addresses selected
factors associated with the application of
quality assurance/quality control (QA/
QC) guidelines to sediment sampling. In
order to make this report more self-
contained, chapters from the companion
soil report covering such topics as sample
handling, analysis of QA/QC data, and
system audits, which are equally appli-
cable to sediment sampling, are contained
verbatim in the appendices.

The most important consideration for
sediment sampling is the objective for
which the sampling is being done, The
statement of objectives should contain
clear answers to the following questions:



@ How will the resulting data be used to
draw conclusions?

® What actions may be taken as a result
of those conclusions?

® What are the allowable errors in the
results?

Once answers to these questions are
available an appropriate statistical design
for the sampling and analysis program, to
include an adequate and verifiable
QA/QC project plan for the study, can be
devised.

Prior to the establishment of an ade-
quate, cost-effective QA/QC plan for
sediment monitoring programs, a deci-
sion-making official, after careful analysis
of the consequences, must specify allow-
able Type | and Type Il errors in the
results. A Type | error, for a situation in
which a measured population mean is
being compared to either an action level
or a control level, is committed when it is
concluded that the population mean
exceeds the action or control level when
in fact it does not. For the same situation,
a Type Il error is committed when it is
concluded that the population mean does
not exceed the action or control level
when in fact it does. The desired minimum
detectable difference between a mea-
sured population mean and either an
action, or a control level must also be
specified.

The goal of this document is to provide
a flexible, but technically sound, frame-
work within which the user can devise a
QA/QC plan consistent with the specific
objectives of any sediment monitoring
program. The document has been devel-
oped to serve as a user’s guide for anyone
designing, implementing, or overseeing
sediment monitoring programs.

The extent to which adequate field-
validated models exist for describing sedi-
ment transport and deposition has a direct
bearing on the design of cost-effective
sediment monitoring programs. General-
ly, when adequate models exist, fewer
monitoring measurements are required
to assess pollutant levels and their signif-
icance. Accordingly, this report presents
a brief review of some available sediment
transport models after first providing
some background definitions and discus-
sions.

The models range from simple, steady
state, dissolved oxygen relationships to
very complex models describing the inter-
relationships among pollutant additions
and removals, organic matter concentra-
tions, and life processes occurring in
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aquatic environments. Many pollutants
can be transported in suspended solid
form or adsorbed on suspended particu-
lates. Unfortunately, the dynamics of the
movement of pollutants adsorbed on
sediments is not well understood.

Sediments play an important role in the
transport of pollutants as well as in the
transport of nutrients. Both the pollution
and nutrient aspects must be considered.
Sediments can overwhelm bottom fauna,
but the nutrients they carry can give rise
to new biota.

In choosing an appropriate model, a
comparison should be made of available
models. A model should be fitted to the
problem and not vice versa. If complete
validated models are not available for the
pollutants and other site-specific condi-
tions of a problem, it still may be possible
to use portions of available models, or
other empirical field experience in the
cost-effective design of sediment sam-
pling programs.

The responsibilities of National Program
Managers in the USEPA Mandatory
Quality Assurance Program include en-
suring that data quality acceptance
criteria and QA Project Plans are prepared
for all data collection projects sponsored
by their offices.

This requires the development of data
quality objectives (DQOs). DQOs are
qualitative and quantitative statements
developed by data users to specify the
quality of data needed from a particular
data collection activity.

DQOs are the basis for specifying the
quality assurance and quality control
activities associated with the data collec-
tion process. QA Project Plans clearly
describe what will be done at each stage
of data collection (i. e., sample site selec-
tion, sample collection, sample handling
and analysis, and data handling and
analysis) and include instructions or
standard operating procedures for each
field and laboratory activity.

Some possible objectives for sediment
sampling are:

@ Determining the extent to which sedi-
ments act as either sources or sinks for
water pollutants,

® Determining presence and distribution
of selected pollutants in sediments in
both space and time,

@ Determining the risk to human health
and/or the environment from sedi-
ment contamination by selected pollu-
tants, and

® Taking measurements for validation of
sediment transport and deposition
models.

Under most circumstances, background
data will not be available for a given
monitoring location. These data must be
acquired before, or preferably during, any
sediment monitoring program. The inten-
sity of the background sampling that is
undertaken depends upon the pollutants
being measured, the sediment character-
istics and variability, the levels of pollutant
likely to be found in the study area and the
purpose of the study. QA/QC procedures
are just as critical for the background
measurements as they are for the study
area measurements.

When sediments are contaminated,
drinking water or human foods, contami-
nated directly or indirectly through con-
tact with sediments, may be unfit for
human consumption. As the hazardous
constituents move through different
trophic levels, substantial biomagnifica-
tion of contaminants may take place.

The steps outlined below are designed
to provide a sediment monitoring effort
with  minimal needed sample precision
and representativeness.

@ Determine the components of variance
that should be built into the statistical
design.

® Choose the allowable probabilities for
Type | and Type Il errors and the
difference in means considered to be
significant. (These are the DQOs and
they are needed together with an
estimate of the coefficient of variation
to determine the number of samples
required in each stratified region.)

® Obtain sampling data from studies
with similar characteristics to the one
of interest. (Estimates of coefficients
of variation are of particular impor-
tance.)

® Calculate the mean and note the range
of each set of duplicates (co-located
independent samples).

® Using results from previous studies,
develop a table of critical difference
values for duplicate sample results for
various concentrations that span the
range of concentrations of interest.
Use this table to accept or reject sets of
duplicates.

Suggestions for additional elements of
a more complete QA/QC plan are pro-
vided in the text.

The DQO guidelines below are sug-
gested for the indicated operational situa-
tions.



Confidence
Level Power Relative
{1-a) {1-8) Increase*
Preliminary
Site
Investigation 70-80% 90-95% 10-20%
Emergency
Cleanup 80-90% 90-95% 10-20%
Planned
Removal and
Remedial
Response
Activities 90-95% 90-95% 10-20%

*Relative Increase from Background or an
Action Level to be Detectable with Probability
(1-8).

Statistical sampling plans are based on
assumptions concerning the probability
distributions of the measurements to be
made. The properties of a normal distribu-
tion are so desirable that, if the data are
not normally distributed, a transformation
is sought to convert the existing distribu-
tion into a new distribution which is
approximately normal.

The maximum probability allowed for a
Type | error is called the significance level
of the test of hypothesis and is commonly
denoted by alpha {a). The probability of a
Type Il error is usually denoted by beta (8)
and is typically a function of a, sample
size, and the size of the deviation from the
null hypothesis. The probability that the
alternative hypothesis will be accepted
when it is true is called the power of the
test and maybe denoted by (1-8). Typical-
ly, the experimenter will specify the
smallest deviation from the null hypothe-
sis that he considers to be scientifically,
economically, or environmentally impor-
tant to detect and then specifies the
power of the test that he wants for that
specific alternative.

The Quality Assurance Officer, sup-
ported by a qualified statistician, should
be intimately involved in the review of the
experimental or sampling design pro-
posed by the investigator. He should
insure that the information obtained
provides measures of the components of
variance that are identified in the field.

Composite samples provide only an
estimate of the mean of the population
from which the samples forming the
composite are drawn. No estimate of the
variance of the mean, and hence, the
precision with which the mean is esti-
mated can be obtained from a composite
of samples. Since the primary purpose of
QA/QC is to measure the precision of the
samples obtained, the compositing of

samples should be avoided if at all
possible.

Split samples, spiked samples and
blanks are used to provide a measure of
the internal consistency of the samples
and to provide an estimate of the compo-
nents of variance and the bias in the
analytical process. The number of QA/QC
samples needed is suggested as one out
of every twenty samples for most cate-
gories of samples. In some instances this
guideline may not be adequate while in
others it may provide more samples than
are necessary. It is good practice to
perform an initial exploratory study in
which, among other things, QA/QC sam-
ples in excess of the guideline recom-
mendations are collected and analyzed.
Analysis of the resulting data will provide
a better estimate of the optimum required
number of QA/QC samples of different
types.

Typically, one wishes to estimate the
concentration of measured pollutants in
the sediments and to indicate the pre-
cision of these estimates. To indicate
precision of an estimate, one may provide
the standard error or a confidence interval
for the expected value of the concentra-
tion. The confidence interval is bounded
by confidence limits. Confidence limits
are bounds of uncertainty about the
average caused by the variability of the
experiment.

Prediction limits are similar to confi-
dence limits but are used to identify an
interval into which a randomly chosen
future sample value should fall. Equations
for both confidence and prediction limits
are provided along with an example
calculation.

A problem that is particularly prevalent
in data obtained from field samples is that
of outliers. The cause of the outlier may
be an error of procedure in sampling,
subsampling, chemical analysis, or the
transcribing of data; or it may be due to an
anomaly that would indicate that a change
is required in the assumed model for the
process. Guidelines are provided for
rejecting outliers, however, there are
many problems with outlier tests. If at all
possible, prior to rejecting values as
outliers, repeat measurements should be
made on the same or nearly identical
samples.

Once objectives have been defined
which involve the need for sediment
sampling, the next step is to develop a
total study protocol including an appro-
priate QA/QC project plan. The recom-
mended approach is to conduct an ex-
ploratory study first that includes both a

literature and information search along
with selected field measurements made
on the basis of some assumed transport
model.

To provide a framework for the discus-
sion, a hypothetical situation involving an
abandoned hazardous waste site is de-
scribed. The established objective for this
hypothetical situation is to conduct an
environmental assessment of the site
and its environs to determine whether a
short or long term hazard to man or the
environment exists. If a hazard exists, its
nature and extent must be defined and
appropriate recommendations made to
bring the hazard under control. A study
team is organized to address the problem
and the sediment study group’s task is to
identify and make an assessment of
potential problems associated with sedi-
ments in a nearby river and estuary.

Questions which must be answered, at
least in part, by the exploratory study
include:

® What wastes have been placed at the
disposal site over what time periods?

® What chemicals in what amounts have
escaped from the site via what trans-
port routes and what is the present
geographical extent of these chem-
icals?

® What adverse effects on human health
or the environment have been reported
in the site vicinity?

® What is an appropriate background
region to use for the study?

Before taking any field measurements, a
comprehensive literature and information
search should be conducted to determine
what information may already be avail-
able. The results of the exploratory study
will provide information and field data
that will serve as the basis for the design
of a more definitive monitoring study.
Thus, any field measurements taken
should include appropriate QA/QC
measures to determine the quality of the
data.

The hypothetical case study is devel-
oped step by step. Data quality objectives
are identified, a grid system is defined,
the study area is stratified, a background
region is selected, number and locations
of sites for sampling are determined, and
an appropriate QA/QC project plan is
prepared.

In general, the simplest sampling tool
deemed to be adequate should be used.
The advantages and disadvantages of
some bottom samplers and some coring
devices are presented in tables.
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One of the possibilities for error during
the sampling process is discarding non-
sediment material collected with the
sediment samples prior to analysis. It is
suggested that all such discarded material
be retained. Ten percent of these samples
should be sent to the analytical laboratory
for analysis with the remainder being
archived.

If the exploratory study is conducted
well, it will provide some data for
achieving the objectives of the study; it
will provide data concerning the feasibility
and efficacy of most aspects of the study
design including the QA/QC plan; it will
serve as a training vehicle for all partici-
pants; and it will pinpoint where addi-
tional measurements need to be made.

Following analysis and interpretation
of the information and data resulting from
the exploratory study, the next step is the
design of the final definitive study. Any
problems with the QA/QC plan noted
should be solved by appropriate modifica-
tions of the plan. The procedure is illus-
trated by extending the hypothetical case
study based on assumed data obtained
from the exploratory study.

In view of conclusions reached on the
basis of the assumed data, the following
questions which should be answered in
the definitive study are identified:

e How far down the stream are the
sediments significantly contaminated?

@ What are the relative contributions of
surface water and groundwater to the
contamination of sediments?

@ How are the sediment levels changing
as a function to time?

® What levels of contamination in human
foods are derived directly or indirectly
through contact with sediment?

® What is the impact of contaminated
sediments on aquatic biota?

® How shoud the study area be stratified
in the definitive study?

A table is provided giving the number of
samples required in a one-side, one-
sample t-test to achieve a minimum
detectable relative difference at confi-
dence level (1-a) and power (1-8). In this
table the coefficient of variation varies
from 10 to 35%, the power from 80 to
95%, the confidence level from 80 to
99%, and the minimum detectable relative
difference from 5 to 40%. An equation is
provided to calculate values not included
in the table.

The required frequency of sampling
depends on the objectives of the study,
the sources and sinks of pollution, the
pollutant(s) of concern, transport rates,
and disappearance rates. Assessment of
trends in time will establish whether
sediment concentrations are increasing,
decreasing, or remaining fairly level.
Evaluations of these trends will be im-
portant to selection of appropriate re-
medial response measures.

The analysis and interpretation of
QA/QC from the more definitive study

should show how all aspects of the total
QA/QC plan combine to give an overall
level of reliability for various aspects of
the resulting data. Another goal maybe to
determine whether all QA/QC procedures
used were necessary and adequate. It is
desirable to provide summarized tables of
validated QA/QC data in the final report.
From such tables it is possible to deter-
mine bias; precision; component random
errors associated with reproducibility,
extract matrix, sample matrix, and sample
homogeneity; interlaboratory precision;
and uncertainty. Presentation of QA/QC
data also contributes to the building of a
body of data in the literature which allows
comparisons to be made between and
among studies.

Data from the more definitive study
describing variations in sediment con-
centrations with depth will show how
effective dredging to different depths
might be in the removal of the contami-
nation. If dredging is even contemplated,
safe and effective methods for disposing
of the dredge spoil must be available.
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to rivers, lakes, and estuaries are included.

: dﬂta be. ‘used
Be c.anelusio”é?
iestions are
»:L&te htatistica

to the following questions should be available' |
to draw conclusions? What actions may be taken as a result of
What are the allowsble errors in the results? Once anewers to -th
available, an experimental protocol may be prepared with an appr"
design and GA/QC plan. ’

‘An overview of selected cediment models is presented to gerve as a foundation wxfnr :
stratification of stuf(y regions and selection of locations for sampling j'gi‘es, methﬁds
of sampling, and sample preparation and anelyeas. Discugsions: of a‘.i,t:uaticms reiating\

Statisticel considerations presented incl ude experiménml stat‘ tical degipgns to
enable ANOVA to he accomplished, discussion of Type T and Type pad B, nultbers and
locations of sampling sites, bias, confidence arnd predictinn l:l.mitﬂ, outliers, and
testing of hypotheses. The import;ance of an exploratery étudy to the cost—effeCuive
achievement of the overall pbhjectives of 3 sediment sampling program iu phasized.

17

KEY WORDS AND DOCUMENT ANZLYS(S

N, DESCRIPTORS b.IDENTIFIERS/OPEN ENDED 'rgnms ]c msa.-n Field/Croup
DTS TAIBUTION STATEMENT 6. SECURITY CLABS [Thir Report] TNO. OF PA
‘ UNCLASSIFIED : 129
RELEASE TO PUBLIC / 70, SECURTTY CLABS [THiz page) 3%, PRICE
UNCLASSIFIED

EPA Porm 12201 (Rov. 4=77) PREVIOUS EDITION i8 OBJOLETE .

i



NOTICE

The information in this document has been funded wholly or in
part by the United States Environmental Protection Agency under
Cooperative Agreement CR 810550-01 to the Enviirommental Research
Center, It has been subject tc the Agency's peer and adminis-
trative review, and it has been approved for publication as an
EPA document.

ii



ABSTRACT

This report is intended to serve as a companion to an
analogous desument on soil sampling quality assurance, Prior to
the design of an adeguate UA/QC plan for sediment sampling there
must be agreement on the objectives of the sampling program.
Clear answers to the following guestions should be available:
How will the resulting data be used to draw conclusions? What
actions may be taken as a result of those conclusions? What are
the allowable errors in the results? .Once answers to these
questions are available an experimental protocol may be prepared
with an appropriate statistical design and QA/QC plan.

An overview of selected sediment models is presented to
serve as a foundation for stratification of study regions and
selection of locations for sampling sites, methods of sampling,
and sample preparation and analyses. Discussions of situations
relating to rivers, lakes, and estuaries dre included.
Objectives of QA/QC plans are presented against a backdrop of
objectives for sediment sampling. A suggested minimal QA/QC plan
for sediment sampling is presented. .In relation to different
operational situations suggested guidelines are given for Type I

'and Type II errors and minimal relative differences from
background or action levels to be detected. v ‘ x

Statistical considerations presented include experimental
statistical designs tg enable ANOVA to be accomplished,
discussion of Type I and Type Il errors, numbers and locations of
sampling sites, bias, confidence and prediction limits, outliers, -
and testing of hypotheses. Some examples are givén to illustrate
the principles. The importance of an exploratory study to the
cost-effective achievement of the overall objectives of a
sediment sampling program is emphasized. A hypothetical case
study related to an abandoned hazardous waste site is detined.
Study objectives are presented. An exploratory study is
designed, implemented and hypothetical data presented. The
hypothetical data are then used to design a final more”
definitive study to achieve the objectives.
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CHAPTER 1

SEDIMENT SAMPLING QUALITY ASSURANCE USER'S GUIDE

INTRODUCTICN

I.

S. Environmental Protection Agency (USEPA) Quality

agsurar e policy requires that every monitoring and measurement
project must have a written and approved qualityvassurance (QA)
project plan (USEPA, 1980). The sixteen elements which must be
contained in all QA project plars are iiéféd.belaw with some
brief explanatory notes. ' : O

(1)
(2}

(3)

(4)

(3)

Title page with provision for apprcva1>si§natureé.
Table of Contents. (This must include a serial listing
of each of the 16 QA project plén'components;) _
Project description. (A gehéral description of the
project should be provided together with the intended
end use of the acquired data.) \

Projeut organization and responsibillty¢ (hisﬁ the key
indxvxduals, including the QA officer, wio are
responsible for ensuring the collection of valid
measurement data and the routine assessment of
measurement systems for precision and accuracy.)

OB objectives for measurement data in terms of
precisicon, accuracy, completeness, representativeness,
and comparability. (For each wajor measurement
parameter list +he QA objectives for precision, accuracy
and completeness. All measurements must be made 8o that

1



{(6)

R

(8)

(9)

(183

(11)

(12}

(13)

{14}

results are representative of the media and conditions
being measured.)

Sampling procedures, {For sach major measurement
parameter{(s}), including all pollutant measurement
systems, provide a description of the sampling
procedures to be used.’ '

Sample custody. (Where samples may be needed for>legal
purposes, "chain~of-custody™ procedures will be used.)
Calibration procedures and frequency. (Information
should be provided on the calibration standards to be
used and their source(s).) : ,
Analytical procedures. (Describe the analytical
procedures to be used for each major measurement
parameter, ) |

~Data analysis, validation and repbrting. {This will

include the principal criteria that will be used to
validate data ihtegrity during collection and reporting
of data as well as methods used to tiwat outliers.)

Internal\éuality control checks. (Examples of items to
be considered include: replicates, aplke samples,'spllt‘

' samples, control charts, blanks, internal standards,

span gases, quality control samples, surrogate %amples,
calibration standards and devices, and réagent checks.)
Performance and systems audits. (Wach project ‘plan must
describe the internal and external performance and
systems audits which will be requ: red to momltor the
capability and performance of the total measurement
system{s).) ' r
Preventive mainten&nce. (This should include a schedule
of important preventlve maintenanca? tasks as well as
inspection activities.

Specific routine procedures used to assess data
precision, accuracy and completeness. (These procedures
should include the equations used to calculate
precision, accuracy and completeness, and the methods

2



used to gather data for the precision and accuracy
calculations.)

{15) Corrective acuion. (This must include the predetermined
limits for data acceptability beyond which corrective
action is required as well as specific procedures for
corrective action.)

(16) Quality assurance reports to mapagement. (These reports
gshould include a periodic assessment of measuremeht data
accuracy, precision and completeness as well as an
identification of signifigant QA problems and
recomsended solutions. USEPA, 1980)

In this report some of the factors associated with the
application of these general guidelines tO‘sedimgpt sampling will
pe addressed. N |

BACRKGROUND

This report is intended to serve as a“qampaniod“towan
anaiogous document on soil sampling gquality assurance {Barth and
Mason, 1984), While considerable effort is expeﬁded<tOJm§§e this
report self-contalned, it is not congidered desirable to repeat
all the .applicable detailed discussgions and explanationsi
contained in the soil sampllng report, B _

The most important consideration far sediment sampling, as
for samplinrg any other media, is the ijectlve for which the
sampling is being done. The statement of objectives ‘gehould

«ortain clear answers to the following quest10ns~7 \'

o ‘How will the resulting data be used to draw co§¢1u51ons?

s} What actions may be taken as a result of those

conclusions? ‘ '

o What are the allowable errors in the results?

Once answers to these guestions are available, an
appropriate statistical design for the sampling and analysis
program must be devised. This statistical design should vield

3



data from which an analysis of variance components may be done.
The analysis of variance should identify components of variance
zssociated with sampling, sample preparation, extraction, and
analysis,

The statistical design of the experiment should incorporate
an adegquate and verifiable quality assurance/quality control
{QA/QC) program for the overall study. Control is defined as the
system of activities regquired to provide a quality product,
wheceas quality assurancz is the system of act1v1tles required to
Erev1de assurance that the guality rontrol system is performing
adervately. It cannbt be overemphasized that an adequate QA/QC
program cannot be tailored for a study until a clear statement of

monitoring objectlves, together with allowable erroxs, has been
provided. ' . )

Often actions may not be taken on the basis of monitoring
measurements in a single medium such as sediments., If one is
concerned about risks to human health or the environment, for
example, concentrations of hazardous substances in sediments may
not provide sufficient informaticn on which to base the magnltude
and extent of necessary control actions. For such a risk
analysis it may be necessary in addition to measure
concentrations of hazardous substances in'sufface waters,
groundwater, and foodstuffs to obtain some measure of the
biological avallablllty of the hazardous substances in sed1ments
which can be related to potential exposures via various routes,
In cases in which sediment sampling is only a part of the total
monltorlng program, it is mandatory to modify the QA/QC program
to cover all aspects of the total program to ensure that the |
total combined errors in the final results will not exceed
allowable errors (McNelis et al., 1984).

Prior to engaging in a more detailed cCiscussion of QA/QC
aspects for sediment sampling, it is desirable to present and
discuss some possible sediment monitoring objectives.
Objectives of sediment sampling may include:

4




o Determining the extent to which sediments act as either
sources or sinks for water pellutants,

o Determining presence and distribution of selected
poilutants in sediments in both space and time,

o Determining the risk to human health and the
environment from sediment contamination by selected
po@lutants, and '

o Obfaining measurements for validation of sediment
transport and depo>sition models.

Further discussion of these objectives in Chapter 3 includes
some hypothetical examples related to different environmental
protection laws. | '

To establish an adeguate, cost~effect1ve‘QA/QC plah for a
sediment monltorlng program, 1t is necessary for a
decision-making off1c1a1 after careful ana1y51s of the
consequences, to specify allowable Type I and’ Type II errors in
reaching concluSLOns based on sample data. A'Type I~error, for a
situation in Wthh a measured population mean is being campared
to either an action level or a control level, is cemmltted when
it is concluded that the population mean exceeds the *ot;an or
control level when in fact it does not. For the same 51tuat10n,
a Type II error is committed when it is concluded that the
population mean does not exceed the action or contral 1evel when
in fact it does. See Chapter 4 for additionmal discu551an uf Tyne
I and Type II errors. The political, 5001a1, ané economic
consequences of making e1ther a Type I or Type II errnr must ke
wveighed before a dec151onﬂmak1ng official can establ13h allowable
frequencies for each type error.

OBJECTIVES

Thivs document is intended to serve as a user's guide that
jdentifies and explains selected principles and applications of
the methods and procedures for establishing an adeguate QA/QC
program for sediment sampling aspects of environmental monitoring
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programs, ‘It is‘not intended to serve as a guide for identifying
all sedimentVsampling equipment or to serve as a sediment
sampling protocbl. Similarly, it is not intended to provide‘
"cock book" type details for the development and implementation
of a universal QA/QC plan for all sediment monitoring programs.
The goal is to provide a flexible, but technically souné,
framework w&fhin which the user can devise a QA/QC plan
consistent with the specific objectives of any sediment
monitoring program.

No detailed treatment of ana;ytlcal qualxty assurance
procedures is given since that important aspect of the overall
problem has been adequately treated elsewhere (USEPA, 1982;
USEPA, 1984). It should be noted, however, that.in a QA/QC sense
sampling procedures are not fally separab:éjfrom afalytlcal,
procedures. This is partlcularly true for sampleicdllb .
handling procedures. Thus, SEdlment samplin‘ '

presented here should be v1ewed “as 1mp0rtant 1nte
the overall QK/QC plan. ‘

AUDIENCE
Thls document has been developed to $erVe -as

for anyone designing, 1mp1ement1ng,”dr ovéré
monitoring programs. it is especially applm bl

Many ef the prl\ ,
procedures discussed, howeve:;vare appllc nle to other 51tuatlons
as well.

gsgdiment sampllng proqrams.'

APPROACH

n Caapter 2 a brief nverview of models describing ‘the
dynamics of sedimentation in different bodies of water is

Fd
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presented.  Knowledge of sediment dynamics provides a firmer
foundation for the design of sediment monitoring programs and
associated QA/QC plans and assists in the interpretation and
evaluation of the resulting data. Chapter 3 provides examples of
some hypothetical sediment monitoring 31tuatlons together with
discussiocn & of required QA/QC plans. Chapter 4 contalns selected
appllcable atatiatlcal methodology. | '
The rale of an exploratory or preliminary study prlor to the
performance of the definitive study is éescribed in Chapter 5.
Chapter 6. aescrlbes how to determlne for‘“he flnal definitiVe

equally anpllcable tc Sedlment sampllng. In;ar
report more self- contalned, the entlre chap
handling and documentation, analysis and 1nterp_
data, anﬂ systems audits and tralnlng from the‘
document are included in Appendices B, C and B,fr &




CHAPTER 2
MODELING SEDIMENT TRANSPORT AND DEPOSITION
INTRODUCTION

In determlnlng the appropriate model to use in describing
the role of sediments in the transport and fate or hazardeus
substanc:es, on: must have a definition of sediments along wzth
ést. For. areas;
mehts and

site-gpecific characterlstlcs for 31tes of . inter st

of concern, i.e., rivers), lakes, and estua’
related data of -importance w111,have gener\

gstrata, soil type, cllmate, etc,) as well as:spec
rate, bed 1oad,~wa£er_pH, etec.) characterlsti
sediment is défine& as any particulate matter'f
moved by water, to or from a land surface and inte
the waterways of a river basin, a lake system or
(Leytham and Johanson, 1979), Particulate sedim '
usually partially made up of once—11v1ng organi;
various degrees of decomposxtlon with particle 8
from colloidal humus to large pieces of mater1'4
- normally contain some mineral particles. These may. i
of the three major rock types: igneocus, metamarphic or
sedimentary rocks. The size of these particles can range from
that of clays through silts and sands to large boulders. A
size classification scheme has been developed by Wentworth and

is shown in Table 1. S
Total sediments are the sum of suspended andﬁbgd-load
sediments. Suspended sediments occur mainly in slower moving
waters of sluggish rivers, lakes and estuaries. Suspended
sediments may have more long-term adverse effects on ecosystems'
8



Table 1. WENTWORTH PARTICLE SIZE SCALE
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than bed-=lcad sediments. These sediments can increass
tr idity of the water and therefore decrease sunlight °
availabilit§«tc the primary producers, as well as limit
visibility of predators. They can also clog filtering devices
of molluscs and fish (Farnesworth, et al., 1979). |
Bed-load sediments are more significant in the faster
moving waters.of river systems. These sediments can scour,
abrade and bury all or part of the benthic erganismsh thus
modifying the food chain (Farneswoxth,'etval;, 1979).- They can
even modify the habitat structure. The effects of sediments'in.
general can be propagated throughout an ecosysten and'may
result in the mass movement of organisms out of an area.l This
is not to say sediments are always’ negative factots to an
ecosystem; sediments may carry nutrients 1nto an area, thereby

7e*sedlment
impacts are cbserved after runoff eplsodes assaciate@ w;thu

increasing blological pruductlvxty.* Most negat

storms or enow melt. ” ‘ o

Sedim2nts may readily adsorb pollﬁténts;’ ?h"“
pollutant movement on adsorbed seaimenﬁja'
understood; however, research is ongoing to el
transport. Some of the factors invoived include c
of the diswolved pollutants, flow velocity '
klnetic adsorption coefficients, and depth of flaw k
Novotny, 1980). :

The process of adsorption-desorption of p
sediments has a direct effect on the tfansporﬁ”pfﬁ)g[ézk
the bioavailability of the pollutants (OECD, 1981). u
will have varying reaction phases with pollutantsf di pending'
upon the sediment's chemical makizup and certain: environmental‘

factors (temperature, pressure, water flow rate, etg.). ‘
TRANSPORT AND SEDIMENTATION
The first factor to consider is the tex:ture of the

sediments., Sediment texture has a number of characteristics,
10
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Particle size of the sediments is important; sediments can
either be homogenecus or heterogenecus with regard to particle
size., The particle's shape and surface characteristics are
important in &étermining whether and to what extent pollutants
are adsorbed. Porosity and permeability are two important
properties of sediments. - .
Sedimentation processes include: 1) Biological processes,
2) Organism-anhanced sedimentation and 3) Physical processes.
In biological processes, two 1mportant factors predominate.
They are degradation, which is the working and reworking “of the
sedrment,by biological organisms, and.pelletization, which is
the accumulation of biological excrement. In organism-enh&ncbd*f
sedimentation, it is the bottom-rooted planf'life”that pramotea
trapping and aepositron of sedimentsr g?ﬁ?;v j =+
by far the most 1mportant. These include in
flow characterrstics dn relation to the se,
type and size particle.‘ In fluid flbw, Lhete‘”
types of flOW‘ l) laminar flow and 2) turbulenl
the Reynold's number or Froude's number may
charac terize the flow as laminar or turbulent R
Stoke 8 Law of settling identifles a 7 ]
different variables involved in {he sett11 k'ég
(Davis, - 1983), Unfortunately, Stake s Law te
for only a single particle, and concentratiqnar
to retard the total settling. =
'~ For a specific sized particle of a‘ speci
density, there is a minimum £1liid velocity ﬁeeéédm
particle. This minimum velocity is knOan&Q;ﬁ

velocity. There are sesveral importanﬁ mechaniﬁh nvolveg
the movement of sediment particles in fluids; Traéﬁiﬁhldefines
the mechanism whereby particles may slide or roll over ‘the
substrate, and is particularly important on the bmttom where
particles are in contact with one another. saltation is
transport whereby the grains bounce or hop along the substrate

11



and it usually accompanies traction processes. Both traction
and saltation processes contribute to the bed load. Bed load
may bewdefihed as the sediment load that moves by traction
and/or saltation along the bed as the result of shearing at the
boundary of flow (Davis, 1983). Suspended sediment load is
comprised of part1c1es in the main flow of the current that
move slgnificant distances without contact with the bottom or
side substrata. Maxlmum transport of sediments occurs mainly
during turbulent flow, such as that which occure durlng storm
or snow—melt perxods.

The seﬂimemt texture {(or particle size dlstribution) is
dlrectly related to the hydraulics of the system., The most‘
prominent cause contrlbutlng to observed sediment texture is
a change in the competence or capacity of a stream, which
causes sedlment partlcles to come to. rest “The coarsest
particles are preeent in the traction population of'aed/hents.
The saltation sedlment population contalys the ulk af the

sediments with the partlcles therein being wel'
sorting is due to the dlfferent1a1 effic1e

suspension and redepositlon while particles‘bou‘
suspmnded load of a sediment sample show
varzatxon due to both the 1nten81ty of . turb
original characteristics of source sedxments,“e
and flocculatlon. Sorting w1th1n this populatlo

Turbidity currents occur when fluid turb'
sediments to become Suspended. Turb1d1ty cufren
'delta1c regions and also in estuarles. Lidﬁil
£flows occur- when sediment is supported by upwar
as particles settle. Debris flows are a mi
sediments and fluid which support latger part
usuclly occur off mountain sides. A slump‘oceﬂ.S‘r
of s0il move along shear pianes, These often occur on the
gsides of rivers and also are types of "mud” flowm

12
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Rivers

Two main types of rivers are found in the world teday.
One type, the braided stream (stream will be used synonymously
with river), is or has been a predecessor to the second, the
meandering atream. '

A braideﬂ stream has numerous channels that are separated
by bars and small islands. The deposition of sediment is
aharactertaed by the shifting of the channels and bar
aggradation. ‘These types of streams have an overabundance of
sediments;‘ Streams are braided due to the inabllity of the
stream to move the coarse component of its load (Davis, 1933%.
However, during floods, all sized partlclea are moved. ' There
are four types of eveants in which sedimentation occufs in
braided streams: 1) flooding, 2) 1atera1 accretion - side or
point bars develop, 3) channel aggra&atlon - due. to the waning
older channel
causing cut and £ill. Examples of braided. stream~?inclu”}
Trol‘hlem River in Californla, the Platte River 1 Nekrask:
the Bijou Creek in Colorado. Models (geolog;p)_h”' . - based
on these rivers. Figure 1 shows a block diagra “§n£§9e>

energy of the stream and 4) reoccupatlon of%a'

of stream,

A mean&erlng stream is a single channel
displays a relatively ordered condit;onl
sediment accumulation processes. These are’
downstream from braided streams. They lack gr
modest suspended load and have a broadly3méﬁnde
Thegse types of streams are commonly found on ¢
regions flowing more or i: -3 perpendicular td{Eh_
have speéifid sedimentafy deposits such as‘leVeéB»
and point bar deposits. These styeams are charac; '
turbulent flow, and sediment is transported in both bed laad \
and suspended load. Sediment is commonly eroded" frém one bank
and acereted on another downstream, Examples of meanderlng

13



ﬁepmduced trom
hesl svailable copy.

|- v, m:;:rw !.-buuﬂn-wwm .
i Spraa e, lla.mu ' gk'"m
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' _environments. ‘Scurce: Davis
After
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Figure 2. Block diagram of a meandering stream showing
major Aepositional envircnment. SourcE° Davis, 1983
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streams,areythe ﬁissisaippi River, the Ohio River, and the
Colorado River. The Coloradc is an excellent example of a
braided stpé&ﬁ becoming a meandering stream. Figure 2 is a
block diagram of this stream type.

Deltas are accumulations of sediment at the end of a
river channel where it discharges into a standing body of water.
Deltas can occur in oceans, lakes and estuaries. Erosion of a
delta can be dominant at times, with the pr;mary agents being
waves and/or currents. The processes that act upon a marine
delta are riverine processes and marine processes.- ,

In riverine processes, threé primary forces are generally
dominant: 1) inertxa, 2) bed fr1¢tion and 3) buoyancy.
Circumstances leadlng to the format*on of deltas occur in
lakes, estuaries, and enclosed sikas xn which theré are broad,
flat, offshore alopes. : e v

A

ant forces: 1)

In marine prqcesses there are tﬂree &oﬁ
‘ sissippi

tides,.2) waves, an& '3) coastal cﬁmrents.
delta is a majar example for which’ a mndel ha_

Lakes

Lakes occur throughout most climatic belts o e world
and receive 1qrgng61umes of sediments, gqst'
emphasize'Ehelbiological,Achemical and physica
environmeﬁt Only rel&tivaly'récently have\l&mg
glven the’ major consxderation due them. .

‘ Dependlng .upon a variety of env1ronmenta1 ] _
may stratify in the summer and in the wint r éuré 5
illustrates the process and the mechanism wher by = xing may
occur in spring and faii months. ' . . .

The Great Lakes are so large that the cirwulwtion causedn
by the cooling and sinking of maximum density water, which is
replaced by dreper water, is not sufficient to cool the whole

15
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Estuaries

lake bhody to ﬁaximum density, and hence they never completely
freeze over (Garrels et al., 1975). Straiification in large
1aknq such as the Great Lakes occurs only in the summer,

During Btratlfltatlan, if enough organic material exists
in deep water, oxygen can disappear completely. This produces
changes in the bottom fauna and promotes preduction of gases
such as hydro~en sulfide (HS) and methane (CHg}. Shallow
lakes are stirred by wind and waves, Ehereby‘minimizing
ﬁt?atification, but lakes of intermediate’&epth'are very
susceptible to atratlflcatlnn and oxygen deficiency. Excessive
plant nutrients promote plant macrophyte growth which aids 1n
the deaxygenatian process in small akes by re&ucing W¢v@
action and thus mixing. - This can lead. to a 1ake beiag
overwhelmed by organic material. . A

There are twn main types of sediments other - &han arqanlc‘
material found in lakes. One, terrigenous aedimenta, can
Grlglnate from two maln sources, eltﬁer from ‘the: edge of the
lake ltself or from being transported in hy other means, 1.e.,
rivers and waste water. The second sediment. type is cnmposed
of chemical precipitates and comes ‘from the water canstituents
themselves., There are two categorles of lakeg. ka i ]
chemical constituencies: 1) saline lakes and 2)fc“f f?
lakes. Waste water can add chemicals to the’ wats
category and form various types of pfecipit;tgsg

There is a w1de varlety of morphology., hy&xo&ynamics and
sed‘ment distr;butlon in estuaries. Four main moxphalog;cal
types of estuaries are known: 1) drowned river valleyg, 23
fjords, 3) bar-built estuaries and 4)'tectohi¢al}§ pr&duced
estuaries. Widely distributed, irregularly shapéa estnaries
are cOmmon along coastal plains as a result of drowned river

17



this zone. A highly stratified or salt wedge estuary is one in
which there is little mixing of the waters and a density
stratification occurs. River discharge must be the dominant
process in the formation of this estuary (Pritchard, 1955).
Mixing only occurs by vertical advection in the shear zone
between the two opposing masses (Biggs, 1978). Sediment
carried to the estuary from the stream may settle into the
salt-wedge layer and be transported to the landward tip for
deposition. Well- -stratified estuaries display a complicated
circulation which is related to the Coriolis effect. During
flood tides, the interface of the water masses is tllted up on
the right side of the estuary in the northern hemlsphere as Qne
looks landward, and in ebb tide it is tilted to the left side
(Davis, 1983). This results in a c1rcu1ar flow component in
which the center is a null point. Part1a11y mlxed estuarles
are ones in which. tldal influence is dominant in determxnzng%’
circulation and m1x1ng of waters. Turbulence created,hy ti&al
action causes downward movement of freshwater as well,aﬁ upward'
movement of seawater (Pritchard, 1955). Thls re
gradual 1ncrease of sallnlty from top to bottom.
sediment tends to concentrate in the area of maxk;

1 ; hlﬂity
which is located Just downs;ream from the landward llmit ofﬁ
Seawater intrusion. ‘
egqual in 1mportance, a totally mixed estuary w111 res t ‘ The
Coriolis effect also plays a role in clrculatlon and -
sedimentation of these estuaries, These estuax;es are
vertically homogenesus. Sediment will follow'théiyattern
provided by the Coriolis effect with marine sediments
concentrating cn the right (1 oaklng landward from the sea),
and river sediments concentrating on the left (Biggs, 1978).

The models reviewed in the next section will demonstrate
general principles and how they apply to sediment sampling.
Few models are based on the sediments alone; most include the
system as a whole.
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MCDELING THEORIES

Mathematival models of systems are often a useful method of
generating and evaluating the variouys outcemes, A medel,
iowever, should not be considered valid until it has been
substantiated by field and/or laboratory measurements (Krenkel

and Novotny, 1380). Table 2 presents an overview of some

commonly used medels. The range and éhoice of available models
is clearly quite broad. i

The follbwing guidelines have been taken from Grimsrud
et al., 1976 on the ‘selection and use of models:

1) Define the Problem and determine what infermation is
needed and what questions must be énswe;ed. i ‘

2) Use the simplest methods that can provide the‘énswersAtq
your questions. ‘ “ R - '
3) Use the simplest models that will yield adeguate
accuracy. a T . e -

4) Do not try to fit the problem to a model but select a
model to fit the problem. o |

5) Do not confuse_complexity with accuracy. ‘ .

6) Always question whether i-“creased accuracy is worth the
increasefl cost and effort. .

7) Do uot forget the assumptions underlying the model used,
and do not read more significance into the simulatiansﬁeéuits
than are actually there. ‘

be based upon a one-dimensional approximation of .the flow,
momentum and mass conservation equations, These models put
more emphasis on convective transport of Pollutants than on
dispersion. The models range from simple, steady state,

remcevals, organic matter concentrations, and life processes
occurring in aguatic environments (Rrenkel and Novotny, 1980).
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Pable 2. Overview of Selected Water Quality Models ’
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Sediments in some instances are considered pollutarcs.
Discharge limitations have been imposed for suspended solids.‘
Many pollutants can be transported in suspended solid form or
adsorbed on suspended particulates. Unfor{unately, the
5ynamics of the movement of pollutants adsorbed on sediments is
not. well understood.

The description and solution of the hydradynamic behavior
of surface or groundwater systems are essential parts of every
water gquality model. Basic hydrodynamic laws which must be
included in‘descripti'ons of water quality systefs.grfe: 1) the
water conservation equation (the eqﬁatloﬁ of cbﬁtiﬁuity) and 2)
the momentum conservatlon equation tequat;on ef ‘motion)
(Erenitel and: Novotny, 1%80). The watef
states that the &1fference of the flow ent
contcol volume must equa,’l the rate of" "[
The applicable parti.al differential equation

'aé + m (=‘iqi
gt IR

where » ‘
is the crose-sectional area
-is time
is the flow
is the direction of flow L ‘ AT
i 18 the lateral inflow into the -cont e per
unit path length in the direction of Elow.

O M 0 o

If one multlplzes each term in this equation by a‘unf_
length in the direction of flow, it can be
Y represents rate of storage, %g outflbW’i
lateral inflow rate; or, rate of storage = lateral infibw rate

- outflow rate.

The momentum conservation eguation is based upon Newtdn's
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second luw of motion which states that the rate of change of
momentum equals the sum of external forces acting on the
control volume. The applicable partial differential eguation
is as follows:

2 (UH) + 3 [(U) (UH)] + gH JH = gH(Sy=-8f)
ot , ax 4 .

where ; _

iéfflow velocity

is time _
is the direction of flow
is gravity acceleration
isfthe depth

Sg is the bottom slope S
S¢ is the energy (friction): slb,eja/ A j«béu
obtained from semlempirical flow f i

mQa ¥ g

den51ty
meanings
o_ (pUH) Ax = rate of change of momentum ihfg¥¢ 
ot EY |
pa_[(U)(UH)Iax = difference between rate of mo
3% and that leaving a contrél vo!
pgH 3H Ax = net hydrostatic presﬁurevofg
.4 water on the control volume
PgHSy AX = gravity force due to the w&idht efﬂﬁhéyébnttOI
volume '
p gHSg Ax = friction shear resistance force
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In words, the equation states that for a control volume of
water the diffexente between the rate of momentum entering and
leaving plus the rste of change of momentum inside the control
volume is equal to the sum of the external forces acting on the
control volume.

suspended particles originate from soll erosion, bank
erosion, ufBan'solids, washload and organic life processes
(Krenkel and Novotny, 1980). The*channei phase of sediment
transport can be divided into the suspended fraction and the
fraction of sédiments contained by moving streambeds. In
suspended sediment transport analysis, it is important to
determine where and when a particle will settle or when and
where the bed psrtxcles will be resuspended Stoke s Law is
the general basil for sedimentation. : ‘ :

The equatiowa of continuity and motlon rem"
any sediment transport model. The mass: haJ
pollutants (1 e phesphorous, hea '
pesticides) must” be coupled with sedimen
adsorption or release may take place between
dissolved pollutant phases. The adsorbed com
the sediment and is therefore subject to any pt?'e
influence: the sediment . The exchange of matte
bottom depecsits and;overljing water is governeﬂu
equilibrium and limited by the dlffusion vell
bottom boundary layer. Two phases described
general mase balance eqnatlons for adsorbed f
are the free phase and the sorbed phase, The cnup
for each are as follows (Krenkel and Novmtny, 1980«
Free phase: 9C = -U 3C - P 38 + IN - KaC

ot IxX at

Sorbed phase: 38 ~ Kg(Se-8) - KggS + M)/H
at
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where
C is the concentration of the dissolved pollutant
(mg/liter)
S 1is the concentration of the adsorbed pollutant {ug/g
of suspended solids)
Se is the adsorption egquilibrium concentration of the
pallutant (ng/g of suspended solids) described by an
' igpthe:m
U is the: flow velocity (m/day)
is the specific density of the partlculate matter
(g/cm3) | -
¥ is the sum of the sinks and sources (g/m3/day of - the
substrate which lncludes uptake of the
phytoplankton, transformatlan into amather form,
diffusion into or from bentha*“’ : ‘
Kg is the .decay coefficient descrlbi ffff
substance from the system (day'l)

Kgs is the settling rate of the substance
Kg is’ the.kinet;c adsorption coefflcxgp; o
M 'is~tﬁé 3¢6uf‘;§te of the pollutant . yén&thé‘J

sediment from contact with the i o8
- (g/m/day) -
&\ is the depth of flow (m)

'x' is the distance (m)

’t is the time (days)

In words the equation for the freenphase étatesﬂthaig(
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the rate of ehange in concentration of a dissolved pollutant =
rate of loss + rate of loss + rate of gaina + rate of
by flow . . to adsorption or losses Trom ‘loge of the
(convective. on suspended eaurees or pollutant
transport) - solids sinks from the
respectiively system by
e " processes
not
" otherwise
. acecounted
. for

i DR
~

on suspended solids =

.

Rate of éﬁinLoﬂ“adsorptien o+ Rate. of It

(driven by th€ difference : "teeseﬁﬁ
hetween tne adsorption of lbsé;

equilibrinm concentration scoﬁfff
and the\actuaieadso;ption polluta
' concentration) on the s

Use of the cited equations plus others 13
when developing a model of sedlment/pollutant r
The development of the CHANL model by the U.8.
Protection Agency (USEPA) has demonstrated the pre )
The basic eguations of any model must =11f”' ,
Also, exact def1nit10n of the solution being sought is needed

before an. approprlate model can be selected to solve the
problem,
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CONCLUSIONS

When using or developing mathematical models all the
parameters must be chosen carefully. Sediment, in this case,
ig very important but is linked to many other parameters.
Knowledge of these parameters is imperative when deciding which
model is to be used and how the results will be displayed.

Sedimeét plays an important role in the transport of
pollutants as well as in the transport of nutrients. Both the
pollution éndinﬂtrient aspects must be,éahaid&fed. Sediﬁents
can overwhelm bottom fauna, but thefﬁﬁtrienﬁs¢theyvcaftyican
give rise ‘to ‘n'éw biota. By the same tokéin;’: éé"di‘méﬁtyi‘%cﬁan
transport pollutants that are hazardous to seme 11fe forms of a
particular waterway. «

In choesing an appropriate model, a- c" ¢
made of available models. A mo&el must be fi
problem anddééﬁiéﬁ taken accordingly. Hany ge )
but only the ones ‘which contain sediment f wt
adequate for ou:xneeda here_
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CHAPTER 3
OBJECTIVES OF QUALITY ASSURANCE-QUALITY CONTROL PLANS

INTRODUCTION

USEPA Order 5360.1 establ;shes the resg@nﬁlbllitxes of
National Program Managers in the Agency'sq ndatory
Assurance Pragram. These responsib;lities xnf‘ud_~”2
that "data quality acceptance criterla' %) :
are prepared for all data collectinn pr:
office, 1In a memarandum of April 17,
issuance of Grder 5360.1, Deputy Admi
two steps that mnat be taken to ensure th:
by USEPA are suitable ‘for their intended’ use

", ..the user must first specify the
needs; then the &egree of gquality control e
that the resultant data satisfy his specifii
determined " : ¢ :

The first step is accomplished thrﬂnqi
Data Quality Objectives (DQOs). Data Quali;
gualitative and quantitative statements develo;
to specify the quality of data needed from a
collection activity (USEPA Draft, 1984).

DQO development is an iterative précésﬁ.ﬂﬁ
decision makers and technical staff. ﬂeﬁs,;A
statements of the quality of data neaded to sSuppoi
decision or action, are developed in three géne
First, the decision maker and the technical Staff disc&ss the .
problem being addressed, the resource and time .congtaintse far
addressing the problem, and the information needed.» Seggnd,
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the ‘decision: m?ker and the technlcal staff discuss specific
questions developeé by thexstaff to clarxfy what information is
needed, how the information will be used, and what limitations
of the 1nformation will be acceptable. Third, the technical
staff develcps possible approaches for collecting the necessary
data and determlnes the guality of the data that can be
expected frum each approach. The outcome of the third stage is
the decxsion maker g8 selection of the specific approach that
will be use& an& the statement of the DQOs for that approach.

] f‘ity of a data set is represented im terms of five
characteri?t

g of the data: preczsion, accuracy, representQ
ativeness, GO eteness, and comparabllity.:ud_ ’
The objeatives of a study or. monitoring prcgram shuuld

include the fallawiﬁg—concepts-

| ,deeiszons will apply,

o - How conclusious based on the data
what level of risk of making xncvﬂa
decigions Ls acceptable- '

o The time and rescuice constraints f“

The study or monitoring cbjectlves are t
three of the DQO development process. '
DQOs are. the important starting point
design of a data collection effort and
specifying the quality assurance and quality S
associated with the data collection pracess.
are required of all USEPA data collection acti
plans clearly describe what will be done at each
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callectkan (i - sample site selection, sample collection,
handling and analysis, and data handling and analysis) and
include insp:uctions or standard operating pr9cedures for each
field and laboratory activity.

Dutidgithe detailed planning and preparation of technical
guidance'f&r‘data collectors, Bobs are used as the starting
point for developing explicit, quantitative statements of the
type of errors that will be controlled, the level to which
these errors will be controlled, and the 1nfarmnt1on that will
be ccllecteﬂ Ln order to characterize all the known saurces af‘
error. These quant1tat1ve statements are knawn as data quaxlty
indicators. Data quality 1nd1cators are nee&eé in or&“r to
select appropriate methods for sample colleatxoa, 1ahmra-oxy ;
analysis and statistical data analys1s._w E
bagis for seleet’anQA and QC procednres (ﬂ?EP

~ In the. e ;der of this~ regar'%
provided abo le

The cugeﬁﬁ{rf
nt sampling}9§ﬁ(
kapt;ln mind, ”
{ﬁosslhle ohjectives of

sampling pro
objectives fo

should constantl

o Determining the extent to which:s
: either sources or sinks for water pa"
o,.:;Determznlng prnsence and dzstrlbﬁt

. pollutants in gediments in both spaue
q‘ffneterminzng the risk to human - b

~ environment from sediment cun&&minat
pollutants, and \

"o Taking measurements for validatia\
f;‘ transport and.depasiticﬁ models. '

" Each of these objectives will now be examine& g
possible actions which might be taken once the ol a;hﬁﬁ&'
been achieved. o | -
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In essence, the mission of the USEPA is to control
environmental Pollutants and to abate potential adverse effects
on man and/or\;he environment. Complying with this mission
requires identifying significant sources of pollutants of
concern, éhd;linking these source emissions via exposure of
important recéptors to adverse effects. Thus, to carry out the
intent of, for example, the Clean Water Hct, concentrations of
hazardous pollutants in waters should not be allowed to exceed

levels establlghed as beirny adequately protective of wan and"'

the env1ronment when the intended uses of the waters are. taken,
into consxderation. TdenLlflcation of the

pollutant of roncern should not only inclu

sources of thef

emissiocns but. als- an assessment of Likel

Por example, una needs to establlsh the‘
fsouroes or SLnk“ffar selected water~“”

role may change xme and space

such physié&i ters as water t
solids, bedload, :
bgical factors may al
degradatiun or transform&tlon of. pollutant;

substances. - .

flow rates, sﬁspen

on that role.\_f

If, far example, sagn;fzcant quantxt;es of
of concern become essentxal;y permanentiy att
sediments and remain blOloglcally unavailahl
may’ ccnstitute a sink for the selected pallut
needs for these selected pollutants may: be
amounts whlch the sediments remove in the’ se'
- above, provxded that no harm from the added 10&&
comes to the biota dwelling in the sedlments.;~ﬁ

of the abi1ity of sediments to act as a 51nk m
source control requirements more strlnqent tha, _ .
whereas overestimates might lead to less strinqentvcontrol&s_
requirements than necessary. . . ‘
However, one should use sediments as, a sink for
contaminants w;th caution, When the sediments. become
31



contaminated, dredging as a clean up measure is a complicated
proposition. It involves extensive testing of the sediment and
proposed disposal options to determine which one will have the
lsast envirommental impact. Witk a badly contaminated sediment
one ends up with the problem of what to do with the material
once it has been dredged.

If significant quantities of the selected pollutants are
found to be associated with sediments initially and then
released slowly over relatively long periods of time, the
sediments in essence act as a pollutant source, In this
instance, to keep concentrations of the pollutants below
acceptable levels in downstream waters, it may be necessary to
either over-control industrial, municipal, or non-point
sources, or remove some or all of the polluted sediments by
dredging. Underestimation of the extent to which sediments act
as sources might lead to insufficient cbntrqls of other
sources, whereas overestimation might lead to controls more
stringent than necessary and perhaps even to the institution of
expensive dredging operations to a greater degrée than
necessary. , ' '

The determination of the presence and distribution of
selected pollutants in sediments in both space’and'time is
necessary to achieve source or sink monitoring dbjéctives.
One possible action which might be taken-oa the basis:of the
mere presence of selected pollutants without regard to whether
the sediments act as a sourcerr as a sink is related to a case
covered under the hazardous wastes regulations (CERCLA of RCRA).
If the selected pollutants are constituents being stored,
treated, or disposed of at a permitted hazardous waste
facility, and there is probable cause that they have originated
from this facility, there may be grounds for revoking the
permit of the facility. Reporting the Qollutants present in
the sediments when they are not there sould be a Type I error
and might lead to the revoking of a hazardous waste facility
permit when the facility is nnt in violation. Failing to
report the pollutants present in the sediments when they are
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there would be a Typc II erreor and would lead to allowing a
hazardous waste facility to continue operations when it is in
violation of its permit,

Determination of risk to human health and the environment
from contaminated sediments involves several steps. What is
ultimately required are exposure distributions to the most
sensitive population of receptors of concern via all
significant exposhre pathways involving sediments. This will
involve concern over possible exposure to water in contact with
the sedimente either through ingestion or skin absorption, as
well as concern over possible exposure through ingestion of
food ctntamlnated directly or indirectly through contact ‘with
sediments (crops or domestic animals using water whlch has been
in contact with the sediments, and/or. aquatlc foods such as
fish or shellfish contamlnated directly or 1ndlrect1y from the
sediments). It is generally the water in eontact w1th the
sediments which leads ultlmately to the expasure of receptors.
Thus, it is 1mportant to measure or estlmate the extent“to
which the sediments act as a source (to contactlng waters) for
the pollutant(s) of concern. Knowing the cancentratlon of
pollutants in water originating from contaminated sedlments is
not sufficient for estimating exposure. An a&d1t1onal
parameter required is the biological availabllltyfgf the
pollutant(s) of concern. For example,'if'pdligtehtsvere
not incorporated into the edible parts of seafood}ievem\large
concentrations in the water might not lead to significant human
exposure through ingestion of aquatic food stuffs.

Once desired exposure distributions have been constructed,
comparison to established exposure-response relationships
enables a determination of whether or not the existing risk is
acceptable. Underestimation of the exposures might lead to
accepting an unacceptable risk, whereas overestimation of the
exposures might lead to unnecessary, and possibly costly,
contrel actions.

The taking of measurements for validation of sediment
transport and deposition models will not normally lead to
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control actions. Thus, positive or negative errors are
unlikely to 1ead to corresponding over or under estimates of
control needs. However, errors of unknown direction and size,
if sufflciently large, might seem to validate an erroneouns
model or fail to validate an acceptable model. The
consequences of such errors cannot be evaluated without knowing
the purposes for which the model might be used and what actions
might be taken on the basis of conc1u51ons drawn from the
model.

The poxnt to be made is that, prior to undertaking any
sediment sampling program to achieve defined objectlves, 1t is
necessary to establish acceptable levels of prec131 ;fur ‘end
results. These should be established after: due qons1derat10n

of the consequences of taking actions which' mlght subsequently
be shown not to be justified on the basls of the avallable‘
data. T : , '
Once levels of precision have been estab rshed, an
experimental protocol should be prepared settlng forth what is
to be done for what purpose, and how, when, where and haw many
samples will be collected. Also, the protocol should 1nd1cate
how the samples will be prepared for ana1y51s and thentanalyzed
for what substances, and how the: resulting- data w111 be
validated, analyzed and interpreted. As part of thlS protocolﬁ
a complete QA/QC plan must be included coverlng all aspects of
the experimental program with special attentlon to. samplxng‘
aspects. In the remalnder of this report, additional detalls,
will be presented with regard to specific required elements of
the QA/QC plan for various kinds of sediment sampllng programs.

P

CENERAL IDENTIFICATION OF THE OBJECTIVES

Some functional objectives for sediment sempling and
associated QA/QC programs have been identified and discussed.
This material will now be recast for applicatlon to problems
related to carrying out the Provisions and intent of RCRA and
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CERCLA. Gpéiﬁtional sitnations in which sediment sampling may
be involved inc¢lude:

o Preliminary site investigations

o Emergency cleanup operations

o Planned removal operations

o Remedial response operations

o Monitoring

o Research or technology transfer studies

With the poéSihle exception of research or technaibgy transfer
studies, all of the operational situations lxsted have a
potential for litigation., For this reason, a statlsglcal
experimental design incorporating appropriate QAJQC*meésures
including "chain-cf-custody® procedures sboulﬂ be incorparated
into the sampling program. The total QA/QC plan should requlre
that the accuracy and. comparability of the analyt1ca1 methods
used, as well asftge precision and reprééénﬁé ‘hess Gf the
sampling, be demenstrated Generally, the’ demn\ tration
accuracy and cemparab111ty will be part of the
the approprlate analytxcal laboratcry. lDempns_
precision and representativeness of the sampling
of the QA/QC plan~inéorpqrated into the sampli°k
Precisipn~measufés the repeatability of thekxesV
from analyzfng the collectead sediment 1
Representatlveness of the sample has two com ‘_u.»':_
sample taken must reflect what is actually’ present in the»
sediment (this is difficult to quantify) and the rei,ability
of the mean and standard deviation as measures of the am@unt of
a chemical present in a particular area must be establlshed
Increased sampling intensity, independent gampl;ng, and
sampling audits are examples of technigues that.heipxensnre
that the sample is representative of the conditiocn in the area
under invesrigation.

The purpose of a preliminary site inwvestigation is to
provide information about a specific site that can be used in
making initial management decisions, and, should further work
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be necessary, for designing a more detailed and comprehensive
sampling investigation. Since the data collected during the
prelamlnary 8tudy will be used to make important decisions
about the site, it is essential that the reliability of the
data be demonstrated through incorporauion and implementation
of an adeguate QA/9C plan for this investigation. For examble,
the preliminary results may indicate that an emergancy response
should be 1nitiated Making an erroneous decision based upon
data of unknown quality concerning such an iwportant matter
could lead to serious consequeances.,

The purpose of an emergency cleanup eperatxon is to remove
enough of the pollutants as quickly as’ 90531b1e to. échieve a
level that is not considered an unacceptable thzeat to ‘human
of the QA/QC
plan in this situatlon is to provide a relzable\d?ﬁ' stratios

health or the environment. The pr1nclpal rol

that cleanup operatlons have been” adequattf
cleanup operation cften leads to a requirem
planned removal or & remedial response oper

sediment sampling undertaken during the emergehmy
have adeguate QA/QC measures to ensure that the res
may be used as a foundatlon for any subsequent inves

The purpose of planned removal or remed ‘f”
operations (they differ principally with regard to
is to provide a more permanent solution to the - pr
operations may involve extensive sampling and dat
programs, Adequate QA/QC measures are essent;a; :
litigation to recover the costs of the operations. is a likelyiu
sequel., Consequently, all data collected may well undergo‘%
close scrutiny in coart.

Monitoring, or sequential measurements over. time, maf take
place before, during, or after any of the operational
situations listed above. Whatever trends are measured must be:
demonstrated to be reliable in order to serve as a basis for
making decisions that hold up to challenges.
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The purposes of fesearch or technology transfer studies
vary widely. 1In any event, the incorporation of adequate QA/QC
plans into these studies is mandatory in order for the resulis
of the studieé to withstand the normal peer review processes
required for publication and/or applieation of the findings.

In summﬁ&ff, an adequate QA/QC plan should be part of any
sediment sampling program relevant to Any of the operational
situations listed. The only question reMalning pertains to the
definition of the word "adeguate." That question will be
addressed in a subsequent sec.ion of this- chapter.»

OBJECTIVES FOR BACKGROUND MONITORING

{

Generally the design of sedlment ‘m Vit
requires that the- levels of deflned hazaf
hazardous substances and their spatial a/
measured for some. spec1f1~ purpose.« ﬂften
only to quantlfy levels and trends but
existing levels to. sources. .This is neces
adequate control actions to be taken whenever
is hazardous to human health, welfare, or ghe;
identified. Often.the situation is complicat
that multiple sources contribute to the meésﬁted'

The situation is further complicated ﬁf"h
pollutants of recent orlgln mixed with pollu

orlgln. This mixing becomes espec1ally importan“

to be after various proposed cohatrol measureS’afé iﬁﬁl,

Identification of spatial and temporal trends along with

linkage of observed measureéments to sources reqﬁires that
adequaté background or reference or control samples bejtéken.

In the absence of such background samples, intexprétation
of the resulting data may become extremely difficult, if not
impossible. The burden of proof that background samples are
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not necesear& for a particular sediment monitoring study rests
with the principal investigator. In the absence of such proof,
a prudent investigator will ensure that the collection of
adequate background samples is included in the monitoring study
design. - Fuirthermore, some EPA regulations concerning
regulatory mOnitoring (U, S. Code of Federal Regulations, 1983)
apecxfxcally requlre background sampling.

Since. measured jevels in presumably higher concentration
areas w111 be compared to background levels, QA/QC procedures
are ]ult as crit1ca1 for the background measurements as they
are for the ‘study area measurements.‘ Thus, for bacqueund
sampllng, a QA/QC procedural umbrella: mustﬂl r
of approprlate geographical areal, the/s
sites within the geograph1ca1 areas, sa 1

and/or preparatlcn, sample’ analylis
1nterpretat10n of study results. ‘ )
Under most circumstances, backgrou“
available for. a g1ven monitoring locatu
acqu1red e1ther befure or during the expﬁ_
1nvesthat10n phase. ‘The intensity of the
that is undertaken depends upon the pcllutant
the sediment characterxstlcs and varlabillt
pollutant likely to be found in the study area
of the study.

SPECIFIC OBJECTIVES FOR MONITORING IN SUPPORT. .OF

soil and groundwater. Wwhat, then,

sedlment sampling in support of CERCLA? i

from a hazardous waste facility may enter sedimenta through

transport of the constituents from the waste site to sediment,

via either surface water or groundwater flow into reeeiving

bodies of water. Air transport followed by rainout oﬂ washout
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be lsss important than the other two transport
nformation can be gained, then, from sediment
ich cannot ke gaiﬂa& from soil, air, surface
ater measurements?

will genéﬁ&:

routes. Wh

measuremén-

water, or g
Suppo!

& gltuation exists in which hazardous waste
constituenls

ve been leaving a site for a relatively long
period of time and an adjacent body of water has built up a
considera§5 maﬁnt of seleated4constitﬁents in itu sediments.
Further, sﬁgpq »‘that the sediments now. c””ftitute ‘a sﬂurma of
hazardouw constituents. At this. ”a@pegevr* cfﬁthe
hazardous waetes “from their orlgingl i1 it
leave an unsbfvgd significant
contaminatedus d1ments. Human food
indirectly the

ghfeontact with s
human consumptz'n, Furthermore, a8’
mcve throl @
' biomagnification ﬁntaminants- ; }
: to humans cans_ming
i it 1: concelvable the
,Trations of hazardeu’
sediments -may represent a major risk to human
env1ronment TPo. identify such 31tuatiens, ﬂa
sampling is an 1mportant 1ink in the chai
evidence‘r : . ‘

increasing :
trophic levels: -7
exist in whichﬁ :

. The steps outllned below are desigaed
se&1ment)monitor1ng effort with a&aquate sgmpla
representativeness (USEPA, FR44:233, 1979 and Baver, 1f

1. Identify the objectives of the study. . ‘ -

2. Determine the eampon&nts of variance that shoula be
built into the statistical design.

3. Choose the allowable probab111ties for Type I and Type
II errors and the difference in means conaidered to be
significant. (These choices together with an eatimate of the
coefficient of variation are needed to determine the number of
samples reqguired in each stratified region.)
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( i“fsampling data from other studies with similar
charactéria‘dcs to the one of interest. (Estimates of
ccefficients of variation are of particular importance.)

5. Calculate the mean and note the range of each set of
duplicates (cc—located independent samples).

6.=“Gr””p the sets of duplicates according to
concentr&tib ranges and by the types of semples believed to be

vgimilar.,
7. Ca
exceeded to maintain adequate QA/QC) frcm the fcrmula :
- Cn .

3.27 Q, f?ﬁ ~g,,“”
i=1 %5

where C = concentration, n = number of dup:
range = xi")(xi+ /

-:R‘;

~and Xj = mean =
8. Usingﬂr
of Re values: fcr

+Xi41)/2. :
e»from preVicus stw
Gus concentrations tha e
concentrations cf 1nterest. (These,da;a,ar, )
reject sets of duplicate samples )
9. -Use. the prellmlnary Rg table to accep
of duplicates. When approximately 15 pairs“
results from the presernt study are available, ar
values should be constructed based upon the dati
accepted. : e f
10, Use data collected during the p
exploratory site investigation and any emerg 2 ont
act1v1ty as the data base upon which later f 7]#re
evaluated and/or designed. |

Suggestinns for additional elements of a more @ﬁlete v

QA/QC plan are provided in subsegquent chapters..

The specific goals for each type of stud§ will determine‘

the allowable probabilities of Type I and Type IT errors and

the minimum relative difference between sampled population mean

and either background mean, or designated action level that is
' 40 '
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st to detect, Suggested guidelines are given
tional situations listed previcusly.

considere
below for t
PRELIMINARY 1 IIWESTIGATION

Thevpreliminary or explaratory investigation is the
foundation upen which other studies in hazardous waste site

assessnen uula be based. As part of this stuvdy, it is
termine whether or not sediments are sample,

esrential
media of

requirinq )
long term riskvt man or the envir

Cnnfi&ence Level ) ~ Power
@-or =8

70-80% 90-95%

If resources limit the number of samples that b&
investigator should determlne, for the number of

can be collected, value- judgment based optlmum
confidence level, power, and detectable relative difference.’
If these values are deemed adequate, the study may proceed.-
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rcent duplicate samples may provide adequate
»ng variance between samples (Plumb, 1981).
hauld be a minimum of ;wn sets of duplicates in
pled as data becbme available, thase
anld be checked. This is usually accomplished by
.yzing more duplicates iaitially, and then

) umber. required for the sites
e pollutants being: measured. _ ’

Using
QA/QC for
However.et
each strﬁ
assumptiel
taking am
checking_he

EMERGENCY CLEANDP:

hazardous cons,,
The emergechjr
switching to boti

any long term solutlon to the problem W
address the removal,of the primary soui
substances to the sediments. '

For an emergency response operatlon inv
Type II error is. con51dered of greater impo
error. Presenteﬂ below are suggesteﬂ gu;deli
may be used for emergency respanse opexations.“
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Confidence Level Power Relative Increasge
(1L - o) {1 -8} from Backyround or
an Action Level to
be Detectable with

Probability (1-f}

W

80-90% U - 95% 10 - 20%

RESPONSE STUDIES

ED REMOVAL AND RHE

These studies are usually continuations of those initiated
emergency cleanup studies. They should be designed to

specific information needed to resolve contrel option
The areas to be surveyved should be stratified and
. according to a design that can be ased to determine
21 wariability. A suitable statistical design should be

rmulated so that compcnents of variance for the study
ation may be identified and evaluated., Appropriate QA/QC
mrocadures must be formulated and implemented.

If the sampling during exploratory or emergency response
investigations has been done properly, there will be a sound
hbasis for determining the sample size and sampling site
distributions., The design will have to incorporate information
on the wvertical distributicon as well as the horizontal
distributiong. Measurements of concentration trends with time
mav be of critical importance particularly if sediment
concentrations are changing appreciably with time, For
sxample, sediments may at least partially cleanse themselves
of contamination is removed. This

reduction in concentration of
duz to a combination of
nants together with the

a vremedial response

congidered that a Tvpe I




z PType I ereor a.

T
Tthermore, an attempt at cost recovery which might lead to

.rigation is a likely uCcesdoer to these studiesg.

@
coeordingly, it is st Lo achieve the highest order of
c=oision feas;biin =1
“wT DQOs that may be

congs studies,

d below are suggested guidelines

;"!

planned removal and remedial

Confidence levsl Eower Relative Increase
(L -~ {1 -89 from Backgrcund or
an Action Level to
Be Detectable with

Probability (1-8)

30-95% $6~-95% 10-20%

JBRING OR RESEARCH SPTUDIES
The guidelines for these studies for confidence levels,

basis of the objectives of the studiess., As actions which may
e taken on the basis of reﬁuiting data become more and more
significant and costly, greater =ffort should be placed on
achieving an increased level of reliability for the data.
Publication of the results in a peer-reviewad journal wiil also
usually require some demonstraticon that an adequate QA/QC plan

has been incorporated into the experimental protocal.



CHAPTER 4

CONSIDERATIONS

L]
ot

ACDUCTION

This chapter reviews the role of statistics in the

sediment pollution monitoring process. Statistics is a
svience of data collection and analysis to efficiently obtain
information concerning guestions of interest. Without

crocedures of equal cost. There are numerous texts and
rnals dealing with statistics. Some references that relate

the statistics of sediment sampling are given in this

The techniques presented in these references will not

ue discussed in detail. The user is encouraged to utilize the

However, in the actual pilanning of a sediment sampling design
the reader is advised to consult a professional statistician.

DISTRIBUTION OF SEDIMENT SAMPLING DATA

Statistical sampling plans are based on assumptions
concerning the probability distributions of the measurements to
be made, These assumptions should be consistent with results

nder similar conditions. The

is a function of the variable being
cedure, and the sampling procedure.

asuremant ig normal, it is symmetric




distribution about its mean when probability is treated as

The symmetry makes the expected value a reasonable

neasure of location, whereas in non-symmetric distributions

sther measures may be preferred (e.g., the median). Also, the
ztatistician has means of dividing variance into components
vepresenting vavious scources of variation. With most other
orobability distributions, the variability is only partially
described by the variance. Hence, these properties eof
3?mmetry, and variance representing variation, are two of the

me reasons for transforming variables so that the new

ﬁ?.a "‘i‘”i

istributions are approximately normal. Procedures for such
transformations are given in Box and Cox (1964) and in Hoagiin
et al. {1983). A discussion of the importance of the normality

sumption and some possikle transformatrions appears in Scheffe

{31359, Chapter 10). In what follows, we shall assume that the
ata have been transformed to near normality.

In the paragraph above, only variables with quantitative
measurements were considered. If the variable of interest has
a count measurement, such as radiocactivity or presence or
absence of a pollutant, sther statistical methods are required,
These methods are usually deanoted gualitative or discrete
statistical methods. Bishop et al. (1975) is a good reference
to these procedures. The methods of this chapter should hot be
applied to count data.

The environmental scientist can cbtain information on the
distribution of a variable by conducting an explorator, or
pilot study. The exploratory studies conducted during the
initial phases of an investigation can provide an indication of
the site specific probability distribution pattern and the
transformation te normality that may be needed. McKay and
Paterson (18984) discuss the use of the normal, log normal and
Weibull distribtions in environmental studies. The
environmental scientist is interested in finding the lccation

pol

T3
and amgcunts of lutants that emanated from a source:

4¢
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therefore the pilot study should provide information on both
contaminated and background sediment areas.
Additional information about the distributions of

measurements of pollutants may be obtained from EPA's Regional

Dffices and Laboratoriss and EPA's Wational Enforcement

Investigation Center in Denver, Colorado.
STATISTICAL DESIGNS
The design and method of analysis for the sampling study

must be determined before the sampling is undertaken. Improper
design or analysis may invalidate the resulting conclusions, or

=

»revent valid conclusions from being made. Care must be taken

to allow time of sampling to be confounded with an effect

ing estimated. Also it is very important that the individual

samples and subsamples be taken in such a way that the
measurements are comparable. Basic ideas of sampling design
may be found in Hansen et al, (1953) and Gy {(1982). Two of the
simpler designs are the simple random sampling design and the
stratified random design. In thke simple random sampling
design, the n sample points are :andomly selected in such a way
that all combinations of n points ir the population have the
same chance of being chosen. While the simple random design
allows easy methods for the analysis of data, it is inefficient
in the use of resources and is infreguently used in practice.
The stratified random design is one in which the area under
study is subdivided into smaller areas (strata) that have the
potential of being markedly different in pollutant
concentrations and then simple random sampling is done within
each stratum. 7This procedure ensures that no large sub-area is
witheout sample points and thereby helps reduce sampling
variance when there are substantial differences in
concentrations between strata. HMethods for optimizing the
choice of the number of strata and number of points within
strata are given in the text by Hansen et al. (1953).
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There are two basic approaches to the pianring and
analysis of sediment sampliug., One is the traditional sampling
model approach, found in Hansen et al.(1953), which uses
randomization in the selection of sample points, as a
probability basis for statistical inference, and an
analysis-of-variance model approach to inference. The second
is a "geostatistical®” model approach using the idea that an
underlying random process created the spatial distribution of
the wvariable. The geostatistical approach involves the
estimation of spatial structure of random functions and kriging
to estimate isopleths of variable values. An introduction to
these procedures may be found in Journel and Hui jbregts (1978},
The methods given in this chapter relate to the more
traditional analysis-of-variance sampling model.

Type I and Type II Brrors

The environmental manager may wish to make an informed
decision through a statistical test of hypothesis based on the
sediment samples. For example, he may need to decide whether
the study area is contaminated or not. The hypothesis to be
tested is the "null" hypothesis of no contamination, which
might be expressed as

H: ug = pug (or ug < ug)

where y stands for the mean of a population and the subscripts
8§ and B stand for the study and background populations
respectively. If the test rejects the hypothesis above, then
the alternative hypothesis of study~-area contamination

A ug * up

is accepted. This test is a one-sided test in that A is uS”? uB-
In a two-sided test, the two hypotheses are H: ug#ug, and
48



A: g= . For example, the two-sided test may be of interest in
determining whether pollutants have cansed a change in pH.

A test of hypothesis is basically a decision rule
specifying a test statistic (i.e., a function of the sample
ata) and a set of possible values of that test statistic,
called the critical region of the test, such that if the value
of the test statistic for the obtained sample data is in the
critical region, the null hypothesis is rejected and the
alternative hypothesis is accepted. If the value of the test
statistic does not fall in the critical region, the alternative

s

L

hypothesis is not accepted. Two types of error are possible,
The acceptance of the alternative hypothesis when the null
hypothesis is true (false positive) is said to be a Type I
error. Failure to accept the alternative hypothesis when it is
true (false negative) is a Type II error. The two tyvpes of
error may be equally well defined in terms of acceptance and
rejection of the null hypothesis. Then one would say that if
the value of the test statistic is in the critical region, the
conclusion is to reject the null hypothesis; otherwise cne
accepts the null hypothesis. Similarly, one may call the
complement of the critical region, the acceptance region,
Figure 4 illustrates a two-sided test situation where the
acceptance region is the interval below the center of the
density curve and the critical region conuists of the two
intervals below shaded tails of the density curve. The maximum
probability allowed for a Type I error in testing a hypothesis
is called the significance level of the test. The significance
level of a test is commonly denoted by the Greek letter alpha
(¢}, Typical values used for significance levels are 0.001,
0.01, 0.905 and 0.1606. The value chosen depends on the
consequences of making a Type I error and is not limited to the
typical values, The diagram below illustrates the
relationships described for Type I and Type II errors.



TRUTH

H A
Accept H Type 11
Correct Error
DRCTISION:
Accept A Typ= I Correct
Brror

The probability of a Type II error (i.e., the
probability of accepting the null hypothesis when it is false)
is usually denoted by the Greek letter beta (B) and is
typically a function of ¢, sample size, and the size of the
deviation from the null hypothesis., The probability that the
alternative hypothesis will be accepted when it is true (i.e.,
the probability that the test statistic will take on a value in
the critical region when the alternative hypothesisris true) is
called the power of the test and may be denoted by (1-8),
Typically, the experimenter will specify the smallest deviation
from the null hypothesis that he considers to be
scientifically, economically, or environmentally important to
detect and then specify the power of the test that he wants for
that specific alternative. Obviously he wants the test to have
high power for the scientifically important alternative and low
significance level. However, it is evident ihat 2f one
increases power by increasing the size of the critical region,
one is\also increasing significance level. One way to increase
power, without increasing significance level is to iacrease the
amount of information; that is, increase the sample size.

Figure 4b shows the probability density curve for a test
statistic under the null hypothesis,
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The shaded portion represents the probability of a Type I error
{a}. In Figure 4b the left curve represents the probability
density function of the test statistic when p = 10. The shaded
area in Figure 4b represents the probability (8) of a Type II
error in this situation (Juran et al., 1979).

umber and Location of Samples

There are three basic procedures for increasing the
precision of statistical estimators and the power of
statistical tests. They are (i) use more efficient statistical
castimators and tests, (ii) improve the sampling design, and
{111i) increase the sample sizes. Table 11 in Chapter 6 gives
information on sample sizes to use when employing t-tests of
means., Discussion concerning the origin and use of these
tables is also given in Chapter 6. Additional table:. for the
determination of sample sizes can be found in Beyer (1968).
The use of t-tests regquires some form of random selection
process so that the sténdard deviation of an ocbservation may be
estimated.

Stratification is a sampling procedure for improving
precision of estimates. This technigue makes use of scientific
knowledge that the measurements may be gquite different in
different identifiable segments of the area being sampled. A
typical stratificaticen criterion used in soil>science is the
soil type. Another criterion that might be useful in sediment
sampling is distance from point sources of pollutants,

Role of Quality Assurance in Experimental Design

The Quality Assurance Officer should be intimately
involved in the review of the experimental or sampling design
proposed by the investigator. He should regquire that the
information obtained provide measures of the components of



variance that are identified in the field. An additional
guality check that should be undertaken as part of the QA
program is the review of the design by qualified sediment
erientists and other peers that are in a position to provide
+he necessary oversight of the gampling effort.

Broms (1980) makes the following statement; nThere should
ne a balance between the soil investigation method, the gquality
of the soil samples, and the care and skill spent on the
preparation and the testing of the samples. There is no point
in spending time and money on careful sample preparation and‘on
testing if the qguality of the samples is poor."” This statement
is egually applicable to sedimént sampling. The QA program
must address the total flow of information from the design to
the reporting of the results. The sampling design is the
foundation of the whole study, therefore,'it should be given

maximum support if the purposes of the sampling effort are to
be met.

Components of Variance

The components of variance analysis, (see Scheffe,
Chapters 7 and 8) provides estimates of the portion of the
total variation coming from each of the sources of variation in
the measurements. Basic assumptions of this procedure are that;
the measurements are normal in distribution, indebendent, and
each source has constant variance. An excellent exémple of the
use of this technigue is provided in a report by the Electric
Power Research Institute (Eynon and Switzer, 1983). An example
presented in Table 3 gives the components of variance for
hypothetical sample data from a stratified random design with
four strata, three random samples per stratum, two subsamples
per sample, and one analysis per subsample. (The stratum
effects are assumed fixed here, SO this is really a mixed-model




TABLE 3.

ANALYSIS OF VARIANCE OF A NESTED SEDIMENT SAMPLING DESIGN.

Stratum Sample Subsample ¥j ;i Xij Xioo Xooo
(i) (i) (k)
1 1 1 3.17
2 2,64 5.81
2 1 1.79
2 3.00 4.75
3 1 .20
2 1.95 4.15 14,75
2 1 1 1.10
2 2.94 4.04
2 1 2.77
2 1.95 4.72
3 1 2.71
2 3.00 5.71 14.47 .
3 1 1 4.33
2 4.50 3.83
2 1 4.25
2 4.53 8.78
3 1 3.87
2 4.79 8.66 26.27
& 1 1 5.03
2 4.65 9.68
2 i 3.95
2 3.76 7.71
3 1 4.79
2 4.63 9.42 26.81 82.30
a=4 b=3 n=2 ‘

I

III. Strata: LX;2,./bn - C
IV. Samples: XXf;/n - C

([ ]

V. Samples in Strata: IV - III = 2.5592
Vi. Analysir of Sample: II ~ IV = 3.5547

. C= (x...52/(abu) = (82.30)2/24 = 282.2204
IT. Total: ZXfj - C = (3.172+...+4.63%) - 282.2204 = 29.8656

(14.752+...+26.812)/6 - C = 23.7517
(5.812+,,.+9.422)/2 - C = 26.3109

ANOVA TABLE ‘

Source of Degrees of Sum of Mean Expected
Variation Freedom Squares Squard: Mean Square
Strata 3 23,7517 7.917¢ Vs + nVg + bnM/3
Samples/Strata 8 2.5592 0.3199 Vp + nVg
Analysis/Samples/

Strata (error) 12 0.2962 Va
Total 23 29 .8K56

g2 = 0,2962 estimates V, or variance due to subsampling and analysis
A I3
g2 = (0,3199 - 0.2962)/2 = 0.0118 estimates Vg
where Vg is the variauce due to sampling within strata.
M = Sum of squared deviations of stratum means about grand mean.
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analysis (i.e,, some random and some fixed effects), but it
does provide estimates of components of variance from within
stratum sampling and combined subsampling and analytical
errors), The results in Table 3 would indicate that the
cxperimenter should either have made a greater effort to reduce
subsampling and analytical errors or taken more subsamples
since the error variance is much larger than the variance
between samples within strata.

Compositing of Samples

A technique that is often employed to reduce sample
handling and -analytical costs is the compositing of samples.
Combining the samples from several sampiing locations reduces
the costs for analysis. This procedure is used extensively by
agricultural workers to determine fertilizer reguirements for
farm fields. Peterson and Calvin (1965) make the following
statement about the technique:

"It should be pointed out that the composite samples

provide only an estimate of the mean of the
population from which the samples forming the
composite are drawn, No estimate of the variance of
the mean, and hence, the precision with which the
mean is estimated can be obtained from a composite of
samples. It is not sufficient to analyze two or more
subsamples from the same composite to obtain an
estimate of the variation within the population.
Such a procedure would permit the estima;;on of
variation among subsamples within the composite, but
not the variation among samples in the field.
Similarly, if composites are formed from samples
within different parts of a population, the
variability among .he parts, but not the variability
within the parts, can be estimated., If an estimate
»f the variability among sampling units within the
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population is required, two or more samples taken at
random within the population must be analyzed
separately.”

Yyouden and Steiner {(1975) caution against the use of the
composite sample for much the same reasons as those outlined
above. Since a prime purpose of QA/QC is to assess and assure
the accuracy (i.e., lack of bias and level of precision) of the
data and of estimates obtained from the data, it is essential
that estimates cf the precision be made from the data.
Therefore, the compositing of samples cannot, in general, be
recommended. .

some work on determining the precision of estimates of
+he mean from composite samples has been published. Such
estimates of precision usually require some strong assumptions
about v -iance components and/or the stochaétic nature of the
composited samples (see Duncan (1962) and Elder, et al.
(1980)). o

Split Samples, Spiked Samples and Blanks

Split samples, spiked samples and blanks are used to
provide a measure of the internal consistency of the samples
and to provide an estimate of the components of variance and
the bias in the analytical process. To obtain an unbiased
measure of the internal consistency of samples and their
analyses, the individual samples should be labeled with a code
number in such a way that the chemist (and preferably also the
laboratory) do not know the relationship between the samples
that he is analyzing. This reduces the chances of conscious or
unconscious efforts to improve the apparent consistency of the
analyses.

Samples can be split to:

o Provide samples for both parties in a litigaticn or

poetential litigation situation.
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o " provide a measure of the within sample variability
(this is needed in order to determine the
influence of other factors that may be confounded
with sample splitting.)

0 Provide materials for spiking in order to test
recovery.

o Provide a measure of the sample bank and extraction
error.

The location of the sample splitting determines the
component of variation that is measured by the split. A split
made in the sample bank measures error introduced from that
level onward. A split made in the field includes errors
sassociated with field handling. A split or series of
zubsamples made in the laboratory for extraction purposes
measures the extracticn error and subsequent analytical errors.

Spiked samples are prepared by adding a known amount of
reference chemical to one of a pair of split samples. The
results of the analysis of a split compared with the non-spike
member of the split measures the recovery of the analytical
process and also provides a measure of the analytical bias.

Spike samples are difficult to prepare with sediment
material itself. Frequently the spike sclution is added to the
extract of the sediments. This avoids the problem of mixing,
atc. but does not provide a measure of the interaction of the
chemicals in the sediments with the spike, nor does it provide
an evaluution of the extraction efficiency. '

Blanks provide a measure of various cross—contéﬁjnaticn
gsources, background levels in the reagents, decontamination
efficiency and any other potential error that can be introduced
from sources other than the sample. For example, a trip blank
measures any contamination that may be introduced into the
sample during shipment of containers from the laboratory to the
field and back to the laboratory. A field blank measures input
from contaminated dust or air into the sample. A
decontamination blank measures any chemical that may have been
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in the sample container or on the tools after decontamination
is completed.

The number of QA/QC samples have been selected by a rule
of thumb that one out of every twenty samples is to be assigned
to each of the categories of samples., This ratio has been used
successfully in several major USEPA studies (USEPA, 1982, 1984).
Table 4 presents the breakdown of QA/QC samples used in thsse
previously conducted monitoring studies.

DATA ANALYSIS

The topics that follow are designed to provide insight
into the use of statistical techniques for evaluating the data
obtained during 'an investigation. They are not by any means
exhaustive, but are chosen to provide the basis for designing
the gquality assurance portions of a sampling effort and to
provide the basis for obtaining the most benefit from the data

acquired.
Bias

The variation seen in analytical data can be'composed of
variation within the sample itself, variation introduced in
sample cellection or preparation and variation in the analysis of
the samples. The variation can further be divided into sample
variation and bias. Bias identifies a systematic component of
the error that causes the mean value of the sample data to be
either higher or lower than the true mean value of the samples,
Bias must be due to a fault in the sampling design, sampling
procedure, analytical procedure or statistical sample. An
example of a bias would be the error in analytical results
introduced by an instrument being out of calibration during a
portion of the analysis. Laboratories usually introduce
reference samples into their sampje load in order to detect these
changes. Bias in sediment sampling is difficult to detect. The
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1.

2"

6.

TABLE 4, GA/GC PROCEDURES VFOR SEDIMENT SAMPLES

Procedurs

¥ ield Blanks

Sample Bank 3lanks

Decontsminatioun Blanks

Reegent Blank

Calibration Check Standard

Spiked Extract

Spiked Semple

Comments

One for each sampling teem
per day. A sample container
filled with distilled,
de-ionized water, exposed
during sampling then analyzed
to detect accidental or
incidental contamiration,

The blank, sbout ons for each
40 samples, passed throuﬁﬁ
the ssmple praparatioin
apparatus, after cleaning, to
check for residual =~
contemination.

A blenk, sbout 1 for esch 20
samples, passed over thas
sampling apparatus after
cleaning, to check for
residual contesination.

One for each 20 éamples to
check reagent conteminstion
level, ‘

gne for esch 20 samplas to
check irstrument calibration.

One for each 20 samples to
check for extract watrix
effects on recovery of known
addad analyte,

One for each 20 samples. A

separate aliquot of the soil -

sampls gpiked with NBS Lesad’
Nitrate to check for soil and
extrect matrix sffects on
racovary.
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TABLE 4.
Procedure

8. Totsl Recoverable

9. Leboratory Control Standard

10. Re-extraction

11, Split Extract

12. Triplicate Sample {Splits)

13. Duplicate Semple

CONTINUED

Comments

Ore for esch &40 samples, a
second aligunt of the sample
is digested by a more
vigorous method to check the
efficacy of the protocol
method,

Dre for each 20 semples. A
aample of NBS River Sediment
carried through the
aralytical procedure to
determine overall method
kias,

irm for eaech 20 samples. A
re-extraction of the residue
from the first extraction to
determine extracticn
efficiency.

Onz for each 20 samples to
check injection and
instrument reproducibility,

One for each 20 semples. The
prepared sample is split into
three portions to provide
blind duplicates for the
aralytical laboratory end a
third replicate for the
referce lsboratory to
determinz interlab preeision.

One for each 20 samples to
determine total rendom error.

[6)
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presence »f bias can be proven by use of one of the techiques
described below. On the other hand it is difficult to prove that
hias is not present because the absence of bias may be the result

of the inability to measure it rather than its actual absence.

ctandard Additicns-- It is necessary to conduct special
experiments in order to detect bias in the sampling effort. The
major technigue used is that of adding known amounts of standard
solutions to the samples: it is recommanded that this be done in
the field or in a field laboratory. The main problem encountered
is that mixing sediments to obtain homogeneity is difficult in a
laboratory much less in the field. Several known quantities of
t+he standard are added to samples taken in the field. The
rasults should follow the eguation for a straight line:

y =a + kjx

where x is the increase in concentration and y is the value
obtained by the laboratory. Bias is indicated if the data do
not follow the straight line equation, or if a < 0. 1If the
units of x and y are the same, the value of b, should be unity;
and significant deviations from uwnity indicate a proportional
bias (Allmaras, 1965).

Internal Consistency-—- If several samples of sediments of
different size are analyzzd for a constituent, the results

should fit a linear sgquation of the form:

D

b

%

2re Z 1s the guantity of sample analyzed. The amount of

[

chemical detectzd should be directly related to the gquantity of

the sample analyvzed. The plot of the (y,Z) data should be

essentially linear; if not, bias is indicated. The intercept,

a, should be within sampling error of zero and the slope b
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should represent the concentration of the chemical in the
sadiments. A linear graph in which the intercept is definitely
nonzero would indicate an additive bias in the analytical
nrocedure,

Confidence and Prediction Limits

Typically one wishes to estimate the concentration of
measured pollutants in the sediments and to indicate the
precision of these estimates. To indicate precision of an
estimate one may provide the standard error or a confidence
interval for the expected value of the concentration. Where
statistical designs have been used in the sampling, the
analysis of variance (ANOVA) provides needed information for

0

alculating standard errors and confidence intervals.

The confidence interval is bounded by confidence limits
(CL). The confidance limits are "the Fnrunds of uncertainty
about the average caused by the variability of the experiment”
{Bauer, 1971). The limits for the mean are definéd by the
following eguation.

CL = ¥ + ts//m

where x = sample mean, s = sample standard deviation, m =
number of samples and t = Student®s t value at the desired
level of confidence and with degrees of freedom associated with
s in the ANOVA (see Appendix A, for values of t).

Consider again the example of Table 3. If all the strata
represent equal area subdivisions of the study area, the
logical estimate of the expected concentration for the study

area is just the sample mean of the 24 measurements,

X = 82.3/24 = 3.43
which could also be obtained by first finding the average of
cach pair of subsamples and then averaging these 12 sample
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values. The variance of the average over a pair of subsamles

545
[42]

VA/Z.

“hen one averages over the 12 samples, a new source of
wvariation enters in; namely, the samples-within-strata
{samples/strata) variance. Therefcre, the variance of the

sample mean is
[Vg + Vp/21/12 = (Vp + 2Vg)/24
The guantity,
Vp + 2Vg
iz estimated by the mean sguare for samples/strata in the’ ANOVA
table with 8 degrees of freedom. Therefcre our estimate of the

standard error of the mean, s//m, (s = v0.3199% = (.5656 and m =
{23(12) = 24) is

0.5656//24 = 0.115

The table in Appendix A gives t = 2,306 for a two-sided
confidence interval with 95% confidence based on an estimate of
s with 8 degrees of freedom. Hence the 95% confidence interval
in this case is bounded by the confidence limits.

CL = 3.43 + (2.306)(0.115) = 3.16, 3.70.
Prediction limits (PL) (see Hahn, 1969; and Guttman et al.,

1982) are similar to confidence limits in appearance hut are

nsed to identify an interval into which a randomly chosen

¥y
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future sample value from stratum i should fall. The defining

eguation for these limits is:

PL = ¥;+ts/((1/n)+(1/bn))

where ¥X; is the sample mean for stratum i. Hence, one can say
for the above example that if one more sample were randonly
+sken from the stratum 1, one would be 95% confident that the
msans of the analyses on the two subsamples would give a value

hetween the prediction limits,

PL = 2.46 + (2.306)(0.5656)/((1/2)+(1/6)}
= 2.46 + 1.06
= 1.40, 3.52

Dutliers

A problem that is particularly prevalent in data obtained
from field samples is that of outliers (i.e., observations that
are discordant with the rest of the data set). The basic
gquestion is whether it is reasonable to expect such a
discordant observation in the sample; if not, the measurement
is considered an outlier. The cande of the outlier may be an
error of procedure in sampling, subsampling, chemical analysis,
or the transcribing of data; cor it may be due to an anomaly
that would indicate that a change is reguired in the assumed
model for the process (e.g., vegetation that takes up a heavy
metal being measured is not present at one of the sample points
anfi this causes a much bigher measurement ac that peoint than at
the others).

The discordance of an observation depends on the assumed
probabilicty discribution for the variable being measured. A
measurement that is large relstive to the other measurements
may appear discocrdant to an observ-r who assumes a normal
distribution Yor the variable, but not discordant to another

~
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cbserver who assumes that the probability distribution of the
variable is highly skewed to the right. Hence, tests of

hvpotheses concerning the presence or absence of ocutliers are
based on assumptions concerning the underlying probability
distribution., Many tests have been devised for normal, gamma,
and Poisson distributions. A book by Barnett and Lewis (1978)
iists many of these outlier tests and also givesz tables of
critical values for the tests.

In environmental monitoring, extremely large measurements
of pollutant concentrations are particularly disturbing, A
test that is good for checking a discordant measurement on the
right of a data set (i.e., the largest measurement) having an
underlying normal probability distribution uses the test
statistic ‘

whare ¥Y(p) is the largest observation in a simple random sample
of size n, ¥ is the usuai sample mean, and S is the sample
standard deviation. The test declares the largest observation
to be an outlier if the test statistic is at least as large as
the critical value for the test. Table VIIa in the bocok by
Barnett and Lewis gives critical values for this test. For a
stratified random sample, n would represent the stratum sample
size and the mean wculd ke for the stratum.

Unfortunately, there are many problems with outlier tests.
They typically have rather low power for all but large samples.
The tests are also affected by the unknown number of outliers
present. In addition, as might be expected, they are sensitive
to departures from the assumed probability distribution. They
should be used only with great caution in preliminary studies
where the nature of the probability distribution is largely
unknown.
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Testing of Hypotheses

The most commonly used test of hypotheses for comparison
bstween two population means or for comparison of g population
“ean with some standard value is a t-test., mo compare two
Means, using data from simple random samples of the two
populations, the following test statistic is employed:

tg = (X} - Eg)/sp/ll/n1)+(l/n2)1
where, the pooled standard deviation,
= V[{{ny=1) 2+(r -1) 2}/(n +np-2)1
5p = nj S1+ing 82 172

“irs Si, and nj are the sample mean, sample variance, and
sample size for the ith (i=1,2) sample. In thisg two-sample
t~test, one is either testing the null hypothesis, H:¢u1¢p2,
against the two-tailed alternative that two méans are
different, A: U #Ug, or against a one-tailed alternative, A
ni*n3. For the two-tailed case, one accepts the alternative
hypothesis only if ltsl 2 t, where t ig the value found in
the table of Appendix & and listed in the l-a column, for
two-tailed tests, ang the (nj+ns-2) (4f) row. For the
one~-tailed alternative, one accepts the alternstive hypothesis
only if ts > t, where t is now obtained from the same row of
the table, but from the 1-¢ column for one-tailed tests. Note,
in the table that, "confidence level" is one minus significance
level and reflects 5 correspondence between confidence

t-~distribution.

The one~sample t~test which compares a population mean
with a standard value may arise in determining whether the mean
concentration of a pollutant in a study area exceeds a



gspecified action level. The test statistic for this test is
te = (X - L)(/n)/s

where L is the standard value (action level) and s is the
sample standard deviatrion, One-and two-tailed tests are
performed in the same way as described above for the two-sample
test, except that the numbsred degrees of freedom is now (n-1).
In dealing with action levels one would be interested in the
one-tailed test.

Example:

A preliminary study is done in an area suspected of being
contaminated with polychlorinated biphenyls (PCB's). Sixtgen
sediment samples were collected from both the study area and
from a background area through the use of simple random
sampling, Table 5 lists the data and their summary statistics.

TABLE 5. PCB STUDY TO DETERMINE CONTAMINATION OF AN AREA
(HYPOTHETICAL DATA)

Background Area (ppb) Study Area (ppb)

35.8 38.5 47.0 50.0

45.5 36.0 62.0 49.6

35.5 40,5 47.0 53.5

32.0 35.5 59.5 68.0

50.0 45.5 40.0 60.0

39.0 37.0 57.5 45.0

37.0 36.0 48.5 42.5

47.0 53.0 53.0 58.7
xg = 40.23 ppb sp? = 36.8825 ng = 16 cvg® = 15..1%
g = 52.61 ppb sg2 = 60.2598 nS = 16 CVg = 14.8%

*CV = Coefficient of variation in &

The test statistic is calculated as follows:
VI[15{36.8825 + €0.2598)/(16 + 16 - 2)] = 6.97
[52.61 ~ 40.231/[6.97/(2/16) = 5,02

Sp
tg
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the critical value %, for a a = 0.01 significance level
cne-tailed test with 30 degrees of freedom, is found in the
Appendix A table to be 2.457. The observed value of the test
statistic, 5.02, is much larger than the critical value and so
ane would conclude that the mean level of PCB concentration in
the stirdy area is larger than that in the background area.
while the difference in the two sample means was found to be
statistically significant at the 1% significance level, one may
still wonder whether the difference is scientifically
significant in terms of potential health hazard. We can be 99%
confident that the mean concentration of the study area exceeds
that in the background area by

;{S - xpg - ts /[ (1/ng)+(1/ng)]

52.61 - 40.23 - (2.457)(6.97)/(2/16)
6.28 ppb.

This is a one~tailed confidence interval; Y g-Hp>6.28ppb.)

The t-tests are based on the assumptions that the data
are independent, normally distributed with equal variances, and
that all observations from the same sample have the same
expected value, In the two-sample t-test the assumptions of
normality and egual variance may be relaxed if sample sizes are
essentially equal. One-tailed one-sample t~tests on data from
a non-normal skewed distribution may have probabilities of Type
I and Type II errors that are considerably different from
those determined on the assumption of a normal distribution.
If the samples are not simple random samples but do have a
random component in their selection such as in stratified
random sampling, then the estimate of standard deviation and
the calculation of degrees of freedom will be affected. One
will use the positive sguare root of the ANOVA table mean
sguare for "Samples® as the estimate (s or Sp) of standard
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deviation in the test statistic, and the degrees of freedom for
t will be the degrees of freedom for "Samples® in the ANOVA
table,

Consider again the data in Table 3 as coming from strata
of egqual area and suppose the action level is 3.0. The test of
the hypothesis, H: u = 3.0, against the alternative, A: p >
3.0, would have test statistic,

te = {(x - 3.0)vn/s
(3.43 - 3.0)/24//0.3199
3.72

If a 1% significance level is to be employed, one would find in
Table 1 in the column headed 99 under the one-tailed test and
in the row headed 8 (df) the number 2.896. Since the observed
value of the test statistic is not less than the critical
value, the alternative hypothesis should be accepted; that is,
the mean level of pollutant concentration is above action
level.

Statistics Associated with Biological Monitoring

The statistical procedures listed above apply primarily
to the direct measurement of contaminants in sediments.
However, considerable research in the monitoring of water
quality using benthic species counts and application of
nonparametric and multivariate statistical analyses has
appeared over the past 20 years. A presentation of some of the
statistical procedures and some references to this literature
are given by Ball, et al. (1981).
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CHAPTER 5
EXPLORATORY STUDY
INTRODUCTION

Once objectives have been defined which involve the need
for sediment sampling, the next step is to develop a total
study protocol including an appropriate QA/QC program.
Generally, not enough information or data will be availakle to
proceed directly. The recommended approach is to conduct an
exploratory study first that includes both a literature and
information search along with selected field measurements made
on the basis of some assumed transport model.

In order to provide a framework for the discussion, a
hypothetical situation involving an abandoned hazardous waste
site will be described. 1In this scenario there is substantial
reason to believe that an abandoned waste site for hazardous
chemicals is leaking chemicals into the surrounding environment
which includes a few scattered farms and -a medium size river
which empties into an estuary of the Gulf of Mexico about
twenty kilometers downstream.

The established objective for this hypothetical situation
is to conduct an environmental assessment of the site and its
environs to determine whether a short or long term hazard to
man or the environment exists., If a hazard exists, its nature
and extent must be defined and appropriate recommendations made
to bring the hazard under control. Assume that a study team is
organized to address this problem and that the sediment study
group's task is to identify and make an assessment of potential
problems associated with sediments in the river and in the
estuary. Other members of the team will be concerned with
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s0il, groundwater, and air pollution problems and their
consequences. All data gathered by specific members of the
team will be shared with the entire team.

' Questions which must be answered by the exploratory study
'include but are not limited to the following:

o What wastes have been placed at the disposal site
over what time periods?

o What chemicals in what amounts have escaped from the
site via what transport routes and what is the
present geographical extent of these chemicals?

o What adverse effects on human health or the
environment have been reported in the site vicinity?

o What is an appropriate background, or contrel region,
to use for the study?

Baefore taking any field measurements, a comprehensive
literature and information search should be conducted to
determine what information may already be available. Only
after relevant information has been collected, collated, and
evaluated should any field measurements be taken. The results
of the exploratory study will provide information and field
data that will serve as the basis for the design of a more
definitive monitoring study.‘ Thus, any field measurenents
taken should include appropriate QA/QC measures to determine
the quality of the data. ‘

Assume that the information and literature search elicit

the following items. The wastes are from a chemical éompany
which specialized in petrochemical products. The wastes were
placed at the site beginning about forty years ago and ending
abra. fi teen years ago when the company went out of business.
¥~atal 4. ..ms containing the wastes were covered over with a thin
Lay +f soil prior to abandonment of the site. Some of the
known constituents of the wastes have been listed as hazardous
by the USEPA. Complaints from nearby residents constitute
strong eviden.e that scme of the hazardous constituents have
escaped from the site in surface waters, and because the
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groundwater at this site is not very deep, there is reason to
suspect that it too may be contaminated. No guantitative
information was fournd on concentrations of the hazardous
chemicals in soil, surface waterc, groundwater, air, locally
oroduced food, or sediments. A few recent studies in varied
ieccations were found in which measurements for some of the
nazardous chemicals of concern had been made in sediments. The

coefficient of variation for these studies averaged about 30%.
NUMBER AND LOCATIONS CF SITES FOR SAMPLING

The sediment study group concludes that there is
sufficient evidence to warrant conducting an exploratory study
in the sediments of the nearby river. Using the guidelines
suggested in Chapter 3, plus\information obtained from the
literature search, the following input factors are established
to determine the regquired number of samples: Ccv = 30s%,
confidence Level = 80%, Power = 95%, and Minimum Detectable
Relative Difference = 20%. The approximate number of samples
required for a one-sample one-sided t-test of the hypotheses,
H: u=L versus A:u>L may be calculated using the folloﬁing
formula (Guenther, 1981)

n> [(zZ+ zB)/mg + 0.522

where 2 j is a percentile of the standard normal distribution
such that P(2Z > Z,)=0, Ig is similarly defined, and

D = (minimum detectable relative difference)/CV.
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Hence, for this example,

[(0.842+41.645)/(20/30312 +0.5(0.842)2
13.917=0.354=14,269
15 ({noteralways round UP)

)
LY

For a two-sided one-sample t-test, determine n by replacing 2
in the above formula with Zuzzf that is, in the above example
replace 0.842 with 1.282 to cbtain n=21.

¥or a one-sided two-sample t-~test, the sample size for
each sample should satisfy the formula,

n > 20z + zB)/DJZ +0.252 2.
Zgain to obtain the corresponding minimum number for a
two~sided two-sample t-test, change Za to Zd/Z; , |

To determine the locations of these samples, the following
approach is suggested. Estimate the sampling location(s) on
the river closest to the waste site via the 1ikeiy surface
water floﬁ. Label this spot zero on a coordinate system
extending down river. Stratify the study region and locate the
sampling points systematiéally as shown . in the foliowing
sketch.,
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The first stratum would be from 0 to 1 km, the second from 1 to
3 Em, and the third from 3 to 7 km. Locate sampling transects
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becinning of the stratum to itg end. TLocate sampling points
~long the trangects at 1/6, 1/3, /2, 2/3, and 5/6 the distance
from bank to vank, This provides 15 sampling points within
=ach stratified region as reguired,

It is suggested that a background region he established
Zpproximately 10 km upstream from the @ peint of the river-
basad coordinate system and extending about 1 additionai km

the same size as the first study
ling points in the background region
irst study stratum.
loratory study must bhe
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21lso it is suggested that three samples from each stratified

Tegion be split into triplicate samples. It is recommended

modest number of additional independent QA/QC sediment

[( )]

s be taken at approximate mid-points between zelected
npling points at locations in stratified regions in which the
iypothetical model predicts the highest concentrations will be
found, Data from these additional samples will give some

measure of how well the QA/QC plan is achieving its objectives.

Iin addition, all normal analytical QA/QC procedures such as
field and trip blanks, etc., should be cperative for the
exploratory study.

LING AND SAMPLE HANDLING

An approved protocol should be follewed for sampling,
handling, labeling, transpeorting, and chain-of-custody

o

rocedures for sample containers and samples, The possible

kW)

resence of volatile pollutants should be considered in the

£

election of an apprcpriate protocol. Sample volumes will be

5]

pecified by the analytical laboratory depending on the
analytical methods to be 1sed and the desired sensitivity.
Often, in addition to measurements of principal hazardous
constituents in sediments, other chemical, physical, or
biclogical measuremets will be made for various purposes,
Examples of possible additional desired measurements for either

P8
the exploratory or the definitive study are presented in Table

=3

-
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TABLE 6. COMMON MEASUREMENTS FOR SURFACE WATER, AQUATIC
ORGANISMS AND SEDIMENT SAMPLING

Chemical Physical Biological
Cissolved oxygen Colox Fish
Phosphate Turbidity Benthic Macroin-

vertebrates
Mitrogen reries Water temperature Periphyton
Alkalinity Stream velocity Phytoplankton
Silica Water depth Zocplankton
oH Sediment composition Macrophytes
Specific conductance Macroalgae
Solids (TDS,TS,TSS) Bacteria
Organic matter and

demand

FPesticides

Seavy Metals
Source: USEPA, 1982a

The sampling device used should be consistent with the
objectives of the final study. In general, the simplest
sampling tool deemed to be adeguate should he used. The
advantages and disadvantages of some bottom grabis/sampler and
of some coring devices are presented in Tables 7 and 8,
respectively. It can be seen that all methods of sediment
sampling ha.e disadvantages as well as advantages, When
choosing a sampler, weigh the type of samples needed to achieve
the objectives of the study acainst the advantages,
disadvantages, and cost of the various alternatives,

Surface sampling should nermally be augmented with a
modest anumber of sediment ccre samples to determine how the
various measured parameters vary as a function of depth. Thase
addicional samples should be located in areas in which the

highest contamination levels are expected. Data from these

Y

samples will provide infeormation for deciding if wmore than

Y
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surface sediments need tc be sampled in the final definitive
study.

Additional concerns in sampling design include whether
samples should be composited, frequency of gampling, sample
preparation for analyses, and the QA/QC aspects of all of these
parameters. The expioratory study provides a limited
opportunity to investigate some of the above subject areas.

The major concerns with regard to compositing of sediment
samples are that the samples be representative and that high
concentrations not be cancelled out in the calculation of the
mean by being averaged with too many low-level samples. The
best approach usually is not to composite unless there is
adequate justification for doing otherwise., The exploratory
study cannot be designed to obtain information on vemporal
patterns in sediment concentrations since the study must be
completed in a relatively short period of time. Thus, temporal
trends should be addressed in the final study,

Sample preparation for analyses introduces some
possibilities feor errors. The sample preparation may involve
drying, grinding, mixing, or sieving. Also, prior te sample
preparation, non-sedimant material may be removed from the
collected sediment sample, Any equipment or devices used in
sample rreparation must be carefully cleaned between each
sample to avoid cross-contamination. The final rinse fluvidgd
used for cleaning equipment should be sampied to provide a
decontamination sample blank for use in evaluating the
cleanup efficiency. Ccilection of one sample blank after
processing each 20 samplex has been used successfully in some
EPA studies (USEPA 1982, 1984).

One of the possibilities for error during the sampling
process is discarding non-sediment material collected with the
sediment sample prior to analysis. Tt is suggested that all
such discarded material be retained. Ten percent of these
samples should be sent to the analytical laboratory for
analysis with the remainder being archived. Care must be taken

79



in evaluating and interpreting these data as data quality will
be a function of analytical capability.

In order to make this report more self-contained, the
enter chapter or Sample Handling and Documentation from the
companion -oil document (Barth and Mason, 1984) is included in

Appendix B.
ANALYSIS AND INTEPRETATION OF DATA

Analysis and interpretation of all information and data
resulting from the exploratory study will provide the basis for
designing the final definitive monitoring study including all

elements of the QA/QOC plan. For example, decisions must be

i

e
[

.4 on whether the selected control area is adequate; whether
the hypothesized model is valid; whether the study area should
we stratified in a different way; what number of additional
samples should be collected at what locations; whether the
0a/0C plan for sampling 1s adequate; etc. All deficiencier or
errors detected should be corrected in the final study design.

If the exploratory study is conducted well, it will
provide some data for achieving the objectives of the study; it
will provide data concerning the feasibility and efficacy of
most aspects of the study design including the QA/QC plan; it
will serve as a training vehicle for all participants; it will
pinpoint where adlitional measurements need to be made; and it
will provide a body of information and data for incorporation
into the final report for the total study.

A summary of some assumed results from an exploratory
study for the specific hypothetical case posed in this chapter
will be provided at the beginning cf the next chapter, These
results will then be used to indicate corrections and additions

needed for the final definitive study.
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CHAPTER 6

FINAL DEFINITIVE STUDY

INTRODUCTION

Following analysis and interpretation of the information
and data resulting from the exploratory study the next step is
the design of the final definitive study. Any problems with
the QA/QC plan noted during the exploratory study should also
be solved by appropriate modifications of the plan. The
procedure will be iliustrated by extending the hypothetical
case study defined in Chapter 3. To do this it is necessary to
present some assumed summary results from the exploratory study.
Accordingly, Table 9 gives mean values and standard deviations
obtained in the various stratified regions and in the
background, or control region, for the principal hazardous
constituent deemed to be critical in the sense of posing the
greatest potential danger tc man or the environment. The units
are parts per billion in the sediments by weight,
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TABLE 9. SUMMARY OF SELECTED HYPOTHETICAL RESULTS FROM THE
EXPLOKATORY STUDY.

Region Background(15)¥ 1(15) 2(15) 3(15)
{Stratum)

Mean (ppb) 1,24 13.2 15.1 11.5
CV (%) 30.3 45.2 40.7 47.6

Samples taken at different depths in Region 1

Depth Mean (pphm) Cv(g)
0~4 in (5) 14.8 48.1
4-8 in (5) 5.21 52. 1
8-12 in (5) 1.75 56.7

¥ Nambers of samples in parentheses.

Assume that three duplicates and three triplicates were
taken in each of the stratified regions as part of the QA/QC
plan for the exploratory study and that the resulting data
confirmed the adaquacy of two duplicates and two triplicates
per stratified ra2gion. All normal analytical QA/QC procedures
were in force and no problems were identified. Other sampling
efforts confirmed ttas presence of the contaminant measured in
sediments in surface water, groundwater, soil and selected
foods, with the largest concentrations observed close to the
nazardous waste site. Analysis of variance of the sediment
data showed that in excess of 70% of the total variance was due
to location.

Returning to an evaluation of the hypothetical results
shown in Table 9 allows certain tentative cenclusions to he
drawn,

o Sediments are sufficiently contaminated to be a cause

for concern,
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0 The background area selected is adequate (The mean
determined is close to other reported background
levels),.

o The implicit hypothesized model which expected the
highestl mean concentration to be in Region 1 is
gquestionable since Region 2 had a slightly higher
mean.

o} The mean value for Region 3 suggests that sediments
farther downstream are likely to be significantly
contaminated,

Q The depth measurements taken suggest that only the
top 8 inches of sediments may be contaminated
significantly. :

In view of these conclusions certain matters will need to be
clarified in the definitive study. Scme gquestions which should
be answered include the following:

o How far down stream are the sediments significantly
- contaminated?
e What are the relative contributions of surface water

and groundwater to the contamination of sediments?

o How are the sediment levels changing as a function of
time?
o] What are the levels of contamination in human foods

derived directly ur indirectly through contact with
sediments?

o What is the impact of contaminated sediments on

aquatic biota?

o) How should the study area be stratified in the

definitive studv?
These questions will be discussed at some lzngth in subseguent
sections of this chapter,

It is likely that for a situation of this type an
energency action level, as well as a long term residwal level,
woizld be specified by a decision-making official if none exists.
The mosgt likely media for suceh an action limit would be
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drinking water and/or foods. Such an approach would reguire
that a model be available or developed to link contaminant
iavels in sediments to drinking water and/or foecd levels, Such
% derived level in sediments might be used as an operational

action level.
SELECTION OF NUMBERS OF S2MPLES AND SAMPLING SITES

Assume that, after careful consideration of all available
information, a decision official has come to the conclusion
that emergency action is not warranted but a remedial response
cperation is called for. Referring back to Chapter 4,
recommended values for confidence level, power, and minimum
detectable relative difference are 90-95%, 90-95%, and 10-20%,
respectively. Table 11 presents the numbers of samples
required to achieve these values for different coefficients of
variation (CV). Table 10 below summarizes the situation over
the range of the recommended values for an assumed average CV
of 25%. This assumes that the CVs measured in theiexploratory
study can be reduced by more judicious stratificafion of the
study region,

Table 10. NUMBER OF SAMPLES REQUIRED PER STRATIFIED REGICN AS
A FUNCTION OF INDICATED PARAMETERS.

Minimum No. of
Confidence Level Power Detectable Relative Samples
Difference
95% 95% 10% > 69
95% 90% Z0% > 19
90% 95% 20% > 15
90% 90% 20% > 12

The decisior-making otfficial decides to go with a

confidence level of 90%, a power of 95%, and a minimum
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TABLE 11. NUMBER OF SAMPLES REQUIRED IN A ONE-SIDED ONE-SAMPLE
t-TEST TO ACHIEVE A MINIMUM DETECTABLY RELATIVE
DIFFERENCE AT CONFIDENCE LEVEL (l-a) AND POWER

OF (1-B8).
Coefficent Power Confidence Minimum Detectable
of Level Relative Difference
Variation
{%) (%) (%) (%)
5 10 20 30 40
10 95 39 66 19 7 5 4
95 45 13 5 3 3
99 36 10 3 2 2
50 26 7 2 2 1
a0 99 55 16 6 5 4
95 36 10 4 3 2
90 28 8 3 2 2
80 19 5 2 1 1
80 99 43 13 6 4 4
95 27 8 3 3 2
90 19 6 2 2 2
80 12 4 2 1 1
15 - 95 99 145 39 12 7 5
‘ 95 99 26 8 5 3
90 78 21 6 3 3
80 57 15 4 2 2
90 99 120 32 11 6 5
95 79 21 7 4 3
90 60 ié 5 3 2
80 41 11 3 2 1
80 99 94 26 9 6 5
95 58 16 5 k} 3
90 42 11 4 2 2
80 26 7 2 2 1
2C 95 go 256 66 19 10 7
95 175 45 13 9 5
a0 138 36 10 5 3
B0 100 26 7 4 2
90 59 211 55 16 9 6
95 139 36 10 6 4
ay 167 28 8 4 3
80 73 19 5 3 2
80 99 164 43 13 8 6
95 101 27 8 5 3
a0 73 19 6 3 2
80 48 12 4 2 2
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s




TABLE 11.

Coefficent

CONTINUED.

Power

Confidence

Minimum Detectable

of Level Relative Difference
Yariation
(%) (%) (%) (%)
5 10 20 30 4\
25 95 99 397 102 28 14 9
895 272 69 19 9 6
S0 216 55 15 7 5
20 155 40 11 5 3
90 EE] 323 85 24 12 8
55 272 70 19 9 6
50 166 42 12 6 4
80 114 29 8 4 3
80 99 254 66 19 10 7
95 156 41 12 6 4
a0 114 30 8 4 3
80 72 19 5 3 2
30 95 99 571 145 39 19 12
85 391 99 26 13 B
80 310 78 21 10 &
80 223 57 15 7 4
90 99 472 120 32 16 11
95 310 79 21 10 7
90 238 61 16 8 5
80 163 41 11 5 3
80 99 364 84 26 13 9
95 224 58 16 8 5
90 164 42 i1 6 4
80 103 26 7 4 2
35 95 299 775 196 42 25 15
95 532 134 35 17 10
a0 421 106 28 13 8
80 304 77 20 9 1)
90 99 641 163 43 21 13
g5 421 107 28 14 8
a0 323 82 21 10 6
_ 80 222 56 15 7 4
80 99 495 126 34 17 11
g5 305 78 21 10 7
¢ 222 57 15 7 5
80 149 36 10 5 3



detectable relative difference of 20%. Accordingly, a minimum
of 15 samples will be required per stratified region wihich by
chance happens to be the same number of samples used in the
exploratory study. Additionel QA/QC samples necessary have
pveen indicated in Table 4, Chapter 4. It is suggested that
fifteen additional depth samples be taken in Region 2 in the
same fashion as they were taken in Region 1 in the expleratory
study.

In deciding on how to stratify the study region for
the more definitive study, the information gained ir the
sxzploratory study should be used. Since the means in Regions 1
and 2 for the exploratory were almost ejqual, it seems justified
v combine them into a single region. Thus, the suqggested new
ztratified regions are as shown in Table 12 below.

TABLE 12, WNEW STRATIFIED REGIONS FOR THE MORE DEFINITIVE

STUDY.
Region A Region B Region C
0 - 3 km . 3 -9 km 3 - 21 km

Note: All regions now extend only from the near bark to the

middie of the river., See discussion helow.

Note that the estuary inte which the study river flows is 20 km
from the 0 point of the river coordinate system. Thus, Region
C extends 1 km from the mouth of the river into the estuary.

fiocation of sampling sites within the stratified regions
is the next order of business. Assume that analysis of data
from the exploratory study showed consistently that sampling
points from the middle »f the river channel to the far bank
gave much lower levels than the o“her sampling points. This
finding serves as the basis for altering both the
stratification and the sampling site selection process for the
more definitive study into study regicons extending only from
the near bank to the middc e of the river channel,
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Map an arbitrarily selected portion of the background erea
(preferably the <ame cize as the uniform areaj by petabliching
two base lines at right angles to pach ather which intersect
at an arbitrarvily selected origin.

Complete teps i, 3, end 5 as defined above,
For soil-pere  ioinid monitoring, repeat  this procedure as

necessary tu obiain twe locetions tor soil-pore liguid moni-
toring devices withn cach background area.

4.1 Surveying in the Lucatiows of Sites and Site Designations

fhe exact location of rach saupler on the active and background areas
hould be designated on a detailed map of the treatment area. Subsequently. a

Larveving crew should be went anto the field to precisely locate the coordin-

it of the sites in refevence to o permanent marker.

Lo facititate future recovery ot oany failed samplers,
Y

This step is important

far convenience, each sampler Jocation should he given a descriptive
desagnation to facilitate all future aclivities at the site. For example, this
degnation should be posted at the campling station (wnich will be off the

ttive pertion) and should be marked on
ditterentiating between samples.  Pxamples of site designations ave shown

all collection flasks to facilitate

in

Prgure 4-11.  The selection of a designation is purely arbitrary and any
Convenient or easily recalled symbol could be used.

4.4 SAMPLE NUMBER, ST7f, TREUQUENCY AND DEPTHS

Packground corcentrations of hazardous constituents can be establiched
using the following procedures.

(1)

For each soil series present {eor Fiqure 3-16) in the treat-
ment zone, install two soil-pore Ticuid monitoring devices at
randomly selected localions in similar soils (Figure 4-12)
where waste has not been applied.  The sample collecting
portions of the monitoring devices should be placed at a depth
no greater than 30 centimeters (17 inches) below the actual
treatment cone used at the urit (Figure 4-13).

Callect o sample trom each of the sovl-pore liquid monitoring
devices on at least a quarteriy basis for at least one year.
If liquid ie not present at a requiarly scheduled sampling
event. a semple should be collected after a rainfall has
pecuryed.

The aciive portion of a Jand treatment unit can be sampled using
the following procedures:

(1)

The owner or operator should install six soil-pore liquid
monitoring devices ot randomly selected locations per uniform
area, but no lews than two devices pev 1.5 hectares (4 acres).
A uniform area 15 an area of the active portion of a land
treatiment unit which o composed ot soils  of the same soil
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series and to which similar wastes or waste mixtures are
applied at similar application rates. The sample collecting
portion of the monitoring device should be placed at a depth
no greater than 30 centimeters (12 inches) below the treatment
zone (Figure 4-13).

(2) Samples from each of the soil-pore Tiquid monitoring devices
should be collected and analyzed at least gquarterly unless the
wastes are applied very infrequently. If 1liquid is not
present at a regularly scheduled sampling event, the monitor-
ing device should be evacuated prior to and checked within 24
hours following ecach significant waste application or rainfall
event, and a samp'e drawn when sufficient 1iquid is present.

4.6 INSTALLATION PROCEDURES FOR VACUUM-PRESSURE PORE-LIQUID SAMPLERS

4.6.1 Constructing Trenches and Instrument Shelters

On background areas, samplers may be installed in a borehole excavated by
one of the augering methods described in Sectior 3. Similarly, at such sites,
the accessories, such as vacuum-pressure and discharge 1ines, could be located
directly above or adjoining the access hole. Such a simple installation may
not be possible for the active portion of the land treatment units because of
operational problems and sampling biac. In order to avoid damage to the
sampler and access tubes in the active pertion, it will be necessary to con-
struct a trench from each unit to bring the lines to a convenient access point
out of the active portion. This trench should be constructed to a depth below
the operating depths of so0il tilling equipment, subsurface injection equipment,
or other manipulative eguipment.

The sampling unit should be instalied on an angle whenever possible in
about 30 cm (1 ft) or more of undisturbed s0i1 to the side of the shaft, such
as illustrated in Figure 4-14. Using one of the previously described hand
augers, a hole should be made at an angle of 30 to 45° from horizontal into the
side of the trench. Installed in this manrer, an undisturbed soil column will
be retained above the sampler. In addition, this angular placement will
improve the sampler's ability to collect non-Darcian, macropore flow. Given
that the maximum depth at which to locate the sampling point of pore-liquid
samplers should be 30 cm (1 ft) below the treatment zone (EPA, 1983b), the
maximum tetal depth of each sampling point (i.e., suction-cup) should be about
1.67 m {5.5 ft) below the land surface.

Construction of a trench, which may be up to 10 m (30 ft) in length will
require the use of trenching equipment. For short distances, the trench can be
1.5 m (5 ft) deep as shown in Figure 4-14. For longer distances the trench can
be half as deep as presented, with the leads from the lysimeter running through
the shaftt to a level closer to the land surface. Available trenching devices
in shallow trenches include backhoes and travelling bucket trenches such as the
"ditch witch." The exact grade on the bottom of the trench is not critical,

but it may be helpful to survey in the total cut required at certain distances
along the trench.
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in water and food which might be ralate@'ﬁﬁ'aaﬂimmnt
measurements., It would be particularly impﬁrt&ﬁt te obtain
samples of seafood harvested in the estuary.

~ &imilavly, coordination would have to be established with

aguatic biolegists assessing the lmpact of sediment

contaminants or aguatic bhiota, Particular attention should be

paid to assessing sffects of the contaminants en juvenile
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poapuiations of human food species a- well ag reproductive

of the sime species.
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~=tning relative contributions of surface water and
cupdwater o the contamination of sedimente. Perhaps data
“rained by the teaws mensuring these media close to the
ceardous wast& site will nravide some important evidence.
cesphysical remdte sensing mensurement tools may help to
fineate the groundwator hydraulic gradient and patterns of
sndwater flow in the vicinity., Alse, estimatea of total
ibutions to cosntamination of sediments taken together with

<t imates of surface water @wﬁ%rihutiﬂﬁs anable the groundwater
cntributions to be estimated by t&klng the, diﬁfarence batween
twa values, It {s particularly impartant to have an
ot imate of the groundwater contribution and how it varies as a
or of time in order to evaluate the 1ikely success of
nt control options.

aﬂglﬁ collection, sample handllngf and documentation mubt
he done in accordance with an established praﬁﬂﬂnl. In this

instance, the aame procedures used in the axplaratﬁry stuﬂy‘

ahould be applicable to ard adegquate for the more definitive
study. If problems have been detected in the sxploratory

atudy, appropriate modifications must be made to 3§lv§ thase

nroblems prior to proceeding with the more éefiniti%e;iﬁﬁay_
“able 13 containg some guggestions for sampling ¢aahain&fs,
preservation reguirements, and holding times for. saﬂimant
samples.  Audits are perhaps the most effactive tosl to ensure
that all aspects of sample coilection, ssmple handling and

documentation are being acvomplished sccording to the approved

protocel (See Appendix D and USEPA, 1985).

The required freguency of sampling depends on the
objsctives of the study, the svurces and sinkes of pollution,
the pollutant of concern, transport rates and disappearance
rates {(physical, chemical, or blological transformations as

8o



Table 1%, Ssepling Containers, Presstwntien quﬁmanm and Holding Tises for Sedisent Srepliss

CONTAMINANT CORTAINER PRESERVATION HEDING 71
Apisity PG Couk, &% 14 days
alkalinity Conl, &% 14 days
AEamrisd B fosl, &% 78 doys
3 Lool, &% 78 dayw
fanl, &% 28 dsys
Cacl, 4°T A8 mours
; tool, A9 B2 hpure
ate-Nitrite : Conl, &9C 28 dayy
Hitrite {ool, 47 AR hourn
! wnd Croase Caol, &% 28 dayn
frganie Carbon F Cosl, A% 28 dayn
N Cooi, 4% &8 hours
P4 0 deys
#,0 & sanths
: m’*tgt‘i%ﬁ (amzluéinﬂ G, tefisn-lined Cool, 490 7 daga {unti) setraction)
tralates, nitrowsslnes SHp ’ 30 duys {(after strsction)
achlorine pesticides,
uitrosromsticn,
phorone, Polymelosr
utic hydrocarbone,
; ntheie, chloricated
hydrocarbong and TOBD) :
txiractshles (phensla) G, teflon-limsd Cool, 4% T dibya {imtil sxtrection}
‘ top 30 days (afier miraction)
furgablew (helocerbons G, teflon-lised Conl, &°C 14 dayn
wnd grometice) septum )
Purgables (serolein snd G, teflon-linsd Cool, 4% ¥ daya
acry lond teste ) sptus \
irthophosphate [ tool, 490 48 wours
Pesticides G, teflon-linsd Cool, 4% 7 wiys (until sctrection)
vap ‘30 days (after extraction)
Prancis \ 7,6 Ceol, &% 05 duyn
Phosphorus {elmsental) G Conl, 47°C & hours
Phgephorus, tots) PG Nual, &% 26 deyn
Chilorineted afmnic G, teflon.lined Cool, &% 7 days (enti) sxiraction)

wesspounds

Puiyathylens (P} or Glaesil)

oBp

%0 davs (fter sctraction)

Seepple pressrvation should be psriormed inmedictely won sasple collection. For composits e ien
psch aliguet should be presstysd st the blee of collsciion, YWhwn impoesible to priéssrwve sach
sliquot, then esmplee mey be pressrved ly assinteining at &% until] compositing snd weeqle aplitting
in comgletad,

Semplen should be snalyzed as avon =s posaihle after ooilesetion, The tiwss liitﬁd Bra His maxinis
timws thet aemples may be held tefore sielyelis aw atill eonsidered valid, Sawples mey be held for
longar periods only 4 the snalyticsl Jebaratory nes date on file o dhww that b mpecific typse of
samning wider miudy are atable for He lomger tmié

for additiom] infepmation sse Ford et al, (1983),
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well as dilution or dispersion by any other means:, Bampling
ffequenqy may be related to thanges owver time, season, or
precipitation. Littiae information wil] be available on
sampling frequency from eXplorate. study data, However, these

data will provide b cline information at given point in time

trom which future ¢ P may be measured. Asgessment of future
trends will estabi:an @ ether sediment toncentrations are
increasing, decreasing, nr ramaining fairly 1&?&1. Evaluation
oY these trends Will b impcrtant te selection of appropriate
remedial tegponse meAsures or to tha'-%tarminatign that
vemedial resprwse measures will not be rewiired. &
The recommended provedure for esﬁabiighing time tr&gas ig
“e osample monthly for the firgt vear, ‘Bvaluation of the trend
vt othe data will then @nasble a determination to be made
Tonscerning poesible chanyés in sampling fraqﬁanﬂy; If'the ﬁﬁly
Ttncern is for time trends in sach stratified study region,
: chpasiting 15 or more samples from each region for each
monthly sample may be the sivplest way ﬁa?ﬁtaeaad. On the
ather hand, if the changing o spatial patterns iith‘tigg ia‘pf
interest, the compositing approach would not ba f&tﬁﬂﬁtﬁﬂéﬁ.
In the lakter cass, the time trends fpr changes in individual
samples at definite locations would be rneeded. Thus the
preferred approach would be to repaat the S&ﬁﬁliﬁg Program
previcusly described at monthly intervals until sufficient data
accumulate to Justify changiﬁg the sampling frequency intervals.
The major focus should be on the highly @ontaminateﬁ and
immediately adjacent aread, ' '

P bz
TEEF A

Quality assurance/guality control procedures for frequency
of sampling validaticn may be accomplished through techniques
such as trend line or intaréi&fiaﬁ analysis, Also, the taking
of initial samples on a frequency considerad to be more often
than ig likeiy to be regulred may provide some redundant data
but will asgist in verifving the adegquacy of the sampling plan.
A comparison between the first gamples taken and the moat
recently collected samples should show s decrease in pollutant

a1




-ancasntrations unless there ism a new aource of pollivtants,

4eve is migration into the sampled sediments, thare ia an
vnr in the data, or the decrease i3 not gufficient to be
o .nlved due te the variability of sample data. This test
Lecomes a better indicator the longer the ptudy runs.
cternratation of DA/QC dsta from the
o definitive study ahould show how all aspects of the total
o0 plan combine to give an overall level of reliability for
rious asapacts of lLhs nlring date. Anocther goal may be to
intermine whether all QA/QC procedures used were necessary and
rquate. This entire evaluation mas: be closely linked to the

“he analysis and

iectives of the study. in summary the isportant gquestions to
L answered are, "What is the gquality of the data?® &nd “"Could
. nwe same pbjective have been achieved chrough an improved QA/QC
4rion which may have required fewer resources?” . S
i+ is desirable to provide summarized tables of walidazed
/¢ dats in the final repert. For axanmple, QA/QC d=zta
Enlﬂatiﬁﬂ praas&urﬂz used in a number of soll &amy;iag :ta&iea
reported by Brown and Black (1983) included vgliﬂatian of -
sample data sets by checking and sssessing the accompanying
QAfQC data., 1In order to make thias report mnrs ut&fwﬁantainad,
the entire chagtaf on analysis and 1nte:pretatian af ﬁﬁfﬁﬁ data
from the cnmpanian asil document (Barth and Mason, 1984) is
included in Appendix-C. This approach is aqaaliy applicable
for sediment sampling data., The criterisa $$r Qifﬁﬁ n&mgius and
procedurss used to validate all data should ba clearly stated.
From such tables of validated QA/QC data it is g&nub;a to
determine bias, precision (total random errori, componant
random errors associated with reproducibility, axtract matrix,
sample matrixf and sample hamageneity,,iﬁtétlabdrntary
precision, and ancertainty. . ‘
presentation of QASLT data allows readers to verlify
conclusions drs.n as to reliability of the data., Such
presentat{mn also contributes to the building of & body of
OA/QC data In the literature which allows comparison to be made
B2 ‘



Latween and amoag studies. Special emphasis should be placed

explaining how overall layals of precision and confldence
‘& derived from the data.

hs a final check, the asdaduacy of 'all aspects of the QA/QU
1an ahould be examined

in Jetall with emphasis on defining for

iutore astudlies an ay
supects of the &E%E
cestrictive, while sthers may not have been rescrictive enough.
appropriate enai?Sﬁﬁ and intorpretation of the datea should
identify the actual situation.

There is insufiicisnt knowledge ﬂﬂaiiag Hith sediment
monitoring studies to state with confldence ﬁﬁiﬁh portions of
cha QB/7QC plan will be generally appllicable to all sedipent
monitoring studies and which porticns must be varied depending
aite- &p&ﬁifiﬁ factors. As experience is gainmed, it may be
#sible to provids more adequate gLi&ﬁﬁﬂ& on this !ﬂbj&ﬁt./ In -

opriate minimum adeguate plan. Some

~rually used may have baen too

£ 5

“he meantime, it is f&ﬁﬁmmﬁﬂﬂgd that the bast m#g&uaﬁh iﬁ to

sgsume that important factors of QA/QC glaﬁu *&y ba site
specific and 1~ e@ﬂﬂugt an appropriate @x§larat§:¥ :tnéy at
each new study + .te to verify that various aspects ﬁf ‘the Qifﬁﬁ
plan are adaeaguate to meet pregram abj&ﬁti?&t prior to
proceeding with the final definitive study.

. In lieu of providing hyganhetimal data xagﬁitiag from the
more definitive study, & brief gesneral discussion ﬁill be
provided indicating possible concluaions which ﬁig&t hﬁ drawn
from the data. Comparison of the calculated mﬂiﬁﬁ and standard
deviations for each stratified study reglon te any sasigﬁﬁﬂ

action lavel b? aggrapriate statiatical m&theda ﬁﬁtlinﬁﬁ in .

have concentrations exceﬁﬁinq aﬂtagt&bla limiti. if a&tian
jevels are only sipecifled for drinking water and féﬁ&!; then ah
sstimated comparable action lavel for sediments must be derived
from an sppropriate model. ‘ ‘ o
1f time trend analyses indicate. that concentrations in
sediments are incressing with time, peak values have ﬁét yat
23



~noy achieved. In this case, avalilable dara from the study
sms should be combined with altaernative cestrol options and
sppropriate model to predict when and where the maximum
cacs values will be found as well as their estimated peak
snrentrations,

1% time trand indicate that concentrations in

edimant are decress
‘uwture should be pred:
aams with alternative o
PY rhe trends show concant

vime, projected values for the

crombining dAata from their stady
aptions and an appropriste mode!
ations decreasing rapldly enovugh,
there may be no necessity for control actiens.
The case in which time trends show fairly constant vaiawsg
sometimes incressing and sometimes decreasing ones, should
trested similarly to the case in which concenttations are
wasing with time. A
ar the more detinivive atu&g, addivional mﬁasgfagﬂﬁts in
sodiments over and above the concentrations of the haz&rﬂn&a,
wante of concern zhﬂuiﬂ inﬁiﬂﬁa as a minimum the following for
=ach sampling perliod:
Depth of the river
Flow rate
guspended solids
. Bed load
pH.
Temperature
tiving species populations and diversity in sediments
Body burdens of the hazardous waste for sal&atiﬁ“i#%éié&
dwelling in sedimente '
‘adverse sffacts on selected spaclies dwelling in ﬁﬁﬁiMEﬁts

The gﬁt§§se of these extra measureients, in addition to their

intrinsiec value, is to wvalidate égigtiﬁg'aeaim@nt transport

models or provide data on the basls of wﬁiﬁh m@ﬁifié&%iana may

be made in existing models or new models may be éavsl@p@& The

biological measurements may asmigt in either ﬁ@finiﬁg adverse
94



gscts on sediment blota or in providisg information for

Cinking contamination in sediment bilota to contamination in
cwan Foods via models,

Data from the move definitive study describing variations
sediment concentratinns with depth will show how effective

s might be in the removal of the

g4

edging to differen:

sntamination., If ig aven rcontemplated, pafe and

mti{ective methods [o pnaing of the dredge spoil must be

ilable,
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RVPERDIX A

PERCENTILES OF THE T DISTRIBUTION

,fﬂanf$&an¢a Level (8):1900(1~a) for two-tailed test

RN R

100

o, A0 60 R0 50 95 - 98
m‘::f;;__ Lavel (%):10041-0) for one-tailed test
60 96 BO 90 95 97.5% 99
CLIE8% w727 1.376 L.078 6,314 12,706 31.831
L289  .617  1.081  1.886 2,920  4.303  6.98%
LT, 584 L9780 1,638 2,385 3,182  4.54)
2717 .88 .94l 1L.533 0 2,132 2,776 ALY
LAET 5559 L9200 1.476  2.01% 2,571 3,365
265 .58 906 1.440 1.3 2,447 3,143
L2683 549 898 1.415  1.8%% 2. 365 2.998
L262  .546  .889  1.397 1.B60 2,308  2.896
L2361 543 883 1.383 1.6833 - 2.26%  2.631
L2360 .542 .879 1.372  1.812 0 .23 _2_1si
260 540 L876 1,363 1,796 - 2,301 - 4718
299 539 873 1.3%  1.7182 2179 2,681
.259 - .538 87 1,350 1.771 2.160  2.85%
258 537 .88 1,345  1.761 2,145 .62
L258 .53 . 8.6  1.341  1.783 2,131 2.602
258,535 865 1.337 1.746 2,120 2583
.257 .5\ L8683 1.333 L .40 2.116 2.567
L4587 8534 862 1,330 0 L.7M 2,100 2.582
L 257 .533 LB61 1.328  1.729 2,093 - 2.53%
L2587 533 LB80 1,325 0 1.723% 2.086  2.528
257 532 .8%9 1,323 1L.721  2.060  2.518
L256 532 L858 1.321 1717 Z.0M4 2508
L2356 .532 L858 1.319 i.714 2.069 2.500
L256 .531 L8587 1.318 1,711 2,084 . 2,492
256 531 856 1,316 1.708 2.060 2,485
L2356  .531 856  1.315 1.706 2.056 247
256 531 L85% 1,314 1.703 2.652  2.473
L2256 L530 LB5% 1,313 L7001 2.048 2,487
.25 530 B854 1,311 1.69% 2,045 2,462
L25 530 .85%4 1.310 1.897 2,042 2.457
L3258 529 L6511 1.703  1.684 2,021 2,423
.254 .527 LB48 1,296  1.671 2.000  2.390
L2548 526 L8455 1.289 1.658 1,980  2.358
L2831 524 542  1.282 1.645 1,960 2,326

99
99,5

53.657
9,425
5nﬁﬁ
4.604

4,032

3, 7(!?
: 3.45@

‘ 3&5&

- 3.189

351&
3085
3.02
2* 5” '
2.947

2,49
2.878
2,861

2.819
2,807
2.797 .
Q‘W:

.17
2.771

- 2783

2,756
2,750

2. 704
2.660
2.817

© 2,578



BPPENDIX B

SAMPLE HANDLING AND DOCUMENTATION

INTRODUCTION

The goal is to define the segment of the QA/QC plan dealing
with all agpacts of sampie handling including the transfer of the
sampla from the collecting device to a swlitable container,
tranaportation of the sample, and the preparstion of the sample
for analyais. The importance of all thesy aspects of sample
handling and possible errors introduced theryby will naturally
vary with the sampling methods, monitoring objectives,
characteristics of the soil being sampled and the physical and
rhemical properties of the pollutants of concern, .

CONTAINER PREPARATION, LABELING, PRESERVATION, AND Sﬁﬂ?hﬂ
EREPARATION ‘ ' . - ’

The sampling protocol and thesgafac plan must addreas the
- following factors. S :

o  Type of container materi&l; its asize, 3hi§ﬁfinﬁ the type
of lid. : S

© Cleaning procedures for thm containers

o Decontaminstion procedures for sampling i%xﬁzahﬁnta¥s
‘o B contuaination pﬁ@dﬂ&arﬁs for sample ﬁaﬂk,#ﬁk&#ﬂ&nte

o LaSaling seheme and log book eﬁpriaé B

- Chain of custody procedures |

G 'samgla preparation procedures in tﬁe field

G Sample preparation procedures at the sampié bank

Due to a lack of specifically tested and recommended methods

dealing with the storage, handling, construction and types of
containers, cleaning and decontaminztion of containers, and
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suggested materials for container lids for sopil samples it is
suggested that the specifications and methods identified in
1SEPA, Federal Register Vol. 44 No. 233 (1978) be utilized,

Table B~1 provides general information on recommended
containers, gr@iervatian requirements, and holding times for
asuring selected contaminants. Even though there procedures
and methods were specifically designed and tested for water
samples, they are applicable for soil sampling studies.

For sampling studies that reguire a large number of samples
and/or extengive preanalyticsl sample preparation a sample bank
may be sstablished. The sample bank is the element that operates
between the field sampling effort and the analytical laboratory.
dnwever, for smaller studies the sample banks responsibilities
are often incorporated intn the responeibilities of the field
sampling team or the analytical laboritory.

If a sampig'bank is established, sample hqﬁkrygtﬁaﬁﬁel‘ﬁan
ansume respensibility for the following procedurss:

o Custodian for all records pertaining to the sampl
sample preparation as required, and shipment
samples to analytical laboratories.

o Responsibility for record filing and.
storing and preparation of soil s :
dispensing containers, sampling
rustody documents such as chain-of-cust ‘
sample vollection and analytical tags, as reguir

o Respongibility for updating and m
prodmcts' master log book, cuditing
reguired, generating sample ba
accepting QA/QC samples for I %
snalytical scheme, and for scheduilng
field sample blanks.

o regponsibility for completing, as regu
data reperting forms and for aAssur
chain-~ef-custody reguirements pertalndng y 1
fiald sampling, shipping and sample bank operstions,
are adhered to. , S
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The following sample bank‘preeeéures have been used
successfully on a number of soil monitoring studies.

A. 1Issuing Supplies:

(1)

(2)

The sample bank issues ss required sample
containers, sample collection tags, chain-of-custedy
forms and eite deacription forms to the sampling
teams. Sample collection tags and chain-of~custody
formg are normally accountable documents; the sample
bank will log the forms by numerical lot identifying
the team and/or the individual responsible for the
temporary custody of these documents.

The sample bank may be required to etore sampling
aquipment in a sultable environment, If sampling
equipmeht is stored at the sample bank, issuing this
equipment to the sampling teams as required will be
necessary.

B. Accepting and Logging Samples:

(1) Pransfer of sample custudy ﬁfﬁm the sampler top

{2)

sample bank personnel will normally occur at &the
sample bank. - *
Before accepting custody of any samples, sample bank
personnel must check all tags und forms for
legibility and completeness. L

(a) All individual samples must have a complestely
filled out sample collection tag attached.

(b} Every sample must be i&ﬁﬁtif&iﬁlén‘the
: chain~of ~custody form.

(¢) Bach site sampled must have a tompletely filled
out site description form, ‘ "

(d) Any discrepancy will be corrected before sample
bank personnel will assume ocust: « If a
discrepancy exista that cannot ba '
the satisfaction of the sample bank personnel,
resampling, filling out additienal taygs and .
forms, and/or revisiting the site to obtai

necessary documentation may be reguired. | .
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(@) All unused sccountable dccuments as shown in
Table B~2 must be returned to the sample bank
on & daily basis. However, depending upon
circumatances such as a sampling team’s
schedule and route, accountable documents may
be retained by the sampling team leader. The
sample bank supervisor, however, must be aware
of the situation.

{3} After the sampler relinguishes custody and the
sumple bank personnel assumes custody of the
samples, sach sample must be logged into the master
log book.

Preparation of scill samples for analysis may require sample
nk personnel to drv, sieve, mix and aliguot samples
'ropriately. The preparation procedures gelacted are
termined by .the contaminant to be measured and the analytical
wiremante. Various technigues and methods for miming and
compositing soils have been described by Orsgon State ﬂﬂi?ersity
119713, USEPA (1984), and Peterson and Calvin {19§5}.

it is inappropriate to initiate a sampling stuﬁy without

firat consulting with analytical persomnnel. Qollecting samples

¢ cannect be suitably analyzed will not provide data necesaary
for satisfying the sampling ﬁbj&ﬁs;?ﬂﬂ.

There is the possibility nf errors being- iaﬁnaéncud in
sample preparation proceduves involving the dlscarding of
non~-soil material or of non-sieved material as W ‘an possible
losses during any grinding or drying operation, he definitive
study decisions concerning the non-soil fraction must be made on
the bssis of the data obtained from the exploratory study. Por
example, available data may indicate Ehltfﬁignifieant
contamination is in the discarded portion., If a#e, it is
recomuended that the discarded portion from ten pe: ' '
samples collected from the area having the highest go
be analyzed. An estimate can then be made of the total ﬂw
contamination baelng discarded by multiplying the measured
concentration in the digcarded material by the total &mﬁant of
the discarded materisl. Assuming that this amount is uniformly
Aistributed through the 30il sample remaining after nen~s0ll
materiale and non-sjieved materials have been discarded, one can
then calculate an estimated value for the potential soil sample
total concentration if none of the contamination had been
discarded. Comparison of thig potential concentration to the
actual measured concentra*ion will enable an sestimate of th&
poassible error to be mads.

p¢
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If the ervor estimated by this proceas sxceeds acceptable
timits specified in the QA/QC plan, it might be necessary to
modify sample preparation procedures for the definitive atudy,
ﬁighﬁ consider a sample preparation procedure in which the
ire <¢ollscted sample (g8oil and non-soill materials) is
ryracted in the analytical laboratory. The analytical results
id then be reported as smounts of contaminant per gram of
+d material. At present there is vio acceptable method for
ceding in cases such as these. One problem is the lack of
ndard refarence mate s for determining and wessuring errors
0 extraction efficiency. One solution may be to try different
methods of extraction 1d compare the vesults., The final

cterpretation of the must then take into cenmideration
> estimated errovse. ‘ '

GUALLTY ABSURANCE ASPE{TE

The problem is to guantitate overall errors. ' The
ormended procedure for verifying that the QA/QC plan is being
ied out properly for this chapter’s factors is a pericdic
. combined with a modest amount of extra semples and
'se¢ related to factors discussed above.
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AFPERDIX C

ANALYSIS AND IHTERPRETATION OF QR/QC DATH

TNTRODUCTION

ome goal in the apalysis and interpretation of data is to

how now all aspects of QA/QC for a soil monitoring study combine
give an owerall level of precision and confideance for the data
4iting from the study, Another goal may be to determine
sr all OQA/QC procedures which were uséd were necessary &nd
cave and should definitely be incorporated into futurszs
teg of the same type. This entire evaluation must bs closely
to the objectives of the study. In summary the important
et ions to be answered are, “What i3 the quality of ‘ :

(maximum accuracy sttainablel?" and slgo,” Could the same
sbisctive have beén achieved through an improved QA/QC dasign
which may have raguired fewer resources?”

£

b
a
{

PRESEBTATION OF DATA SUMMARIES

It is desirable to provide summarized tsﬁiﬁi;éﬁiﬁaiiﬁgtﬁﬁ
OA/QC dats in the finsl report. Por examplw#, QA/QC data
validation procedures used in & number of soll sampling studles
reported by Brown and Black (1923) included valid:tion of sample
dats sets by checking and assessing the accompanying QA/QC 4
The criteria for QA/QC mamples and procedures used to
all data included: ' :




T Concentrations had to bDe lbss
than 0.25% g/ml™ %, _
calibration Check  Recovery must bhe batweesn 53¢ pnd
Standards 10%% of the known value for
sither the first analvais or the
firat re~-check analysia.

Laboratory Coniro!l

overy must bhe between 30% and
Standards F

=¥ the known value Ffor

- re-check analvais,

Data produced ov nyv sampling and analyzing system ars
facted by two types o srsy random and systematie. The
suracy of any ons - then, ls a function of the blas (dpe
syatematic arvor} an «isfon (due to random error) af the
laection and anslyasla methodology. HBiae has at least two
sonente, associsted with extraction and ingtrusent sfficliancy,
i assessed by the mean racovery of Calibration Chack
ardia and laboratory Control Standards (LOB). The LS chaok
11 bias for the system; the Calibration Check Standard
mines the instrumental blas. - S .

total random error can be assessed by analysing duplivate
+les, but it ineludas errors due to sawple collectlion, sample
cgeneity, sample sxtraction, sample composition (matrix
sffects) and instrumantal reproducibility. Thess errofs can ba
svaluated by the use of the other OC procedures stated sbove and
ar® assassed by calculating the standard deviations of the
various analyses. ‘

The accuracy of analysis, i.e., bias }mﬁ’ﬁx‘?‘fqeiiimﬁ, are
avalusted separately helow for the two typea of samples, using

the followlng eguations:

Recovery = Amount Found/Known Amount < m
Biasg (B! = Racovery -~ 1. : , (1)
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nifferance (D). = ] ®xy - %3 where %y and xy are the snalytical
rasults of palred analyses and the averags m—

1% - Ky
o }
5. 4 (3
the precision la:
ﬁ’h m P rariaton = .HBE2 D (a1

nars 0,8882 canver o range of two results to the standard

roviation (Hatrella,

if component srvoru ars used to adgess total mrfiéme |rror,

0o {%; # Dy + ...01/ 68 and {5)

Pracision = [ 8882 {Ei’ * i};g'? + “,J «Fgli *i\gi + ;;.}1;2

fguation (3) is suitable for use on rasults where th@
sntration varies over a very narrow raunge, It the
wntrations found vary by an drder of magnitude or -more, then
the dlfference should be normalized by dividing by the average of
im two valuas asod the Qi%i‘"’;%ié}ﬂ is expressced as the coefficlient

of variation (TV) which is s/

B ow b X H g o+ e b : .

Eﬁ e n g? 3 ‘“i yor %ﬁﬁ iéi
7 SR S
2 B als
LTI T

(7}

oV = {8862 Er

One of the studies disgcuzsed by Brown and Blsck (1983)
invalved lead contaminated solls, The use and svaluation of the
3C analyvses for thisg s0il moaltoving study was prosentad as

ol lowes:



Tha limit of detection, approximately 0.25 ug mi™l, was tested on
about 10 blank analyses using a mors sensitive absorbance
wsveleangth for lead on an AAS. The result was less vhan 0,1 ug
a1~l, or 2 ug g-1 for sample anslysis. This suggests that most

* the blank analyses were less than 2ug g~}, but this cannot be
ted with any confidence., The results of the QU ansiysas wera
follows:

uC Semple T T Wg T TTBman 8

150 101.5% 2.8%
ratpry Control 147 101L.2% - 4.1%
4 slank (uyg mi~- 1 76 <0.25

pie Bank Blank (pg mi7 T <0.25

gent Blank (ug = 148 <0.25
-gxtraction Ansaly=zis ] 1.7% 1.4%
al Recovarable 144 99.8% 8.0%
it Extract (CV) 147 0.0089 0.007%
H@g ﬁtfﬁtt . iéf? gsllg s‘#g&
ked Bample 147 100.4% 5.1%
ieate Aligmot (CV) 134 6.053 | 0.047
Licate Sample (CV) 129 C.L8% U.L68
licate Amalysis (V) 220 0.144 6.128

ibration Chack

ifs

! Biss: The psrceant recoveries indiceted above for the
sration Chesk Standards and 1£8's suggest a small posltive
= for the method of scil analysis, due pfincipally to

instrument reproducibility. The result, using Bguation (2), isy

' Bilas = Recovery - 1 = 1,012 - 1 = §.012.

{2y Precision: The recovery of the analyte by the anslytical
method compared te the "total” recoverable method was essentially
agual and re-extraction of the residus left from the laitial
extraction indicated an additiocnal 1.7 + 1.4 pargent racovery,
also sssentially egquivalent. Purthermors, the Presults of the-
thriae types of blank analyses indicate no seasurable
contamination from reagents, aample collection, or sample
preparation. The ramaining rsndom errors are evaluated below.
Because of the wide range of concentration of Isad in the
samples, the coafficient of variation is used, Bguation (7).
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Precision (total random erroc) from D
snalysiss

‘s component random ervors, summed as par Bguation

O]

Sy m (0,80797 -« 007 ¢ L0517 + 0.0475)L/7 = 5onEs.

Theas rand

suggeat thatbt reproduacibility
ora{0.0079) are that sftract zﬁatzrim aamg;}e matriz,

sample homoys rs are aquivalent., The sum of thesse
ors ig about ha ~ral random erroy S0 the sampling arror
c3 amgentially egual o 300 sther errors combined.

intarlaborataory

ian &2 calculated from the results of
nlicate analyses, usi

fuation (7Y is:
sreciglon s OV = (0,178 or 12.8% of sample concentration,

Uncertainkty: The data for bias and precision can bhe
ninsd to vield the gniyawiﬂaiﬁty for any reportesd concg ﬁﬂt!‘ﬁﬁii}f“
se of the following equatlion:

U= {1 + 8 + 2 O} : (8}

v £

whera B i4 the bias, ¢ is the standard deviation or coefficient
of variation as appropriate, and 2 converts these to the 35
percant confidence limits. Por soil analyses, using Bquation (&)
and the olazs and CV derlved above, the ¥5% confidence bounds on a
reported valoe, 5, are:

Soil result will lis betwees 0.676x and 1.348x ug g~1.

[t is reguired that the J3/0C plan ensure and documsnt Lhat
211 data ool i@*ﬁt@ﬁg whebhar used for research or for monltoering
purpoges, is acleptifically valid, defensible and of known
pracision and a racy . The desor ibed gﬁfﬁ*ﬁé&ﬁtahiﬁn of JC dsta,

chaough designad for analvsis of l=ad in ascil, can be used as a
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There is insufficient knowledge dealing with soil monitoring
studies to state with confidence which portions of the QA/0C plan
will be genevally applicable to all seil monitoring studies and
which portions must be varied depending on site-specific factors.
A3 sxperience is gzined, it may be possible to provide more
adequate guidance on this subject. In the weantime it is

ommended that the best approach is to hssume that important
tors of QA/QU plans are site-specific and to conduct an
ropriate exploratory study at each new siudy site to varify
t various aspects of the QA/QC plan are adaguate to meat

gram objectives prigr to proceeding with the final definitive
v,




APPENDIX D

BYSTEM AUDTTS AND TRAINING

 HTRODUCTTON

The material for this chapter has been obtained primarily
from USEPA Kellogg Tdad tudy (19843, The first phase of an
auditing prograw for soil monitoring projects should be the
paration of standard o ating procedures (S0P) that identify
methads and techaiques necessary to perform all aspocts of
required andit. The S0P must be adeguate to perform ongite
ting and sample bank iwhere applicable) audits., The second
should then be the actual conduct of the required field

nudits are conducted by appropriate slements of agencies
sanizations having cognizance over the monitoring project,
sguency of auditing should be determinad by the project
 juran et al. (1979) state that, “"the activities subject
4it should include any that affect quality regardless of the
rnal organigational location.® :

o

r system asdit is an overall evaluation of & project to:

o verify that sampling methodology is being performed in
accordance with program rejquirements :

o Check on the use of appropriate QR/QC measures

] Check methods of sample handling, i.e., packaging,
labeling, preserving, transporting, and archiving in
accordance wita progam regulrements |

o Tdent ify any existing quality problems

o Check program documentation, i.e., records (site
description, chain-of-~custody collaction and analytical
tags, field nd sample bank log books and field work
sheets} '

o tnitiate corrective action if a problem is identified



o hAsgess personng; experience and gqualifications if
regquired

0 Pollow-up on any corrective action previously
implemented

o Provide onsite debriefings for sampling team and sample
bank personnsl,

o Provide & written evaluation of the sampling and g&ﬁ@ie
bank progras

purpose of the svys

- am audit is to ensure that the QA/QC
ram planned for the

provject i8 in place and functioning well.

The auditour first must review Work Plans, Protocols, Test
rlans, QA/HC Project Plan, and all Program Reports. A discussion
2f the current status of the project, and the ldentity of any
nrobleans encosuntered, witvth the project officer is suggested
before conducting the onsite sampling audit, Bample
chain-of ~custody procedures and raw data are checked as
f@praate and results of blind QC samples routinely inserted in

sumpie load by sample bank personnel are reviewed,
-checks of sampling methods and techniques, sampling and
4 vais calculations, and data tranﬁcriptiﬁn are performed.

SAMPLE BANK &ﬂQIT

The primary objective ia to determine the status of all
Zample Bark documentation and archived samples. Bmphasis iz
placed ons

o Verifying that the documentation is in order and
sufficient to establish the dispoaltion of any sample
collectad

o Determining any discrepancies that currently exist and
initisting corrective sction ag appropriste

o Verifying that the recording of QA/QC measures (blanks,
duplicate spikes, blinds) is in asccordance with the
OR/QC Plan

o Establishing procedures for final disposition and
mechanics of transfer of all Sample Bank holdings upon
termination of the operation.



The first atep of the audit is to inventory the Hample Bank

BN 34

€3

ords and archived samples. The records that must be inapected

Chain-of -custody forms
- Field forms
- Analysis forms

Sample tags
- Pield tage
- Analysis tays

Analysis forms
- Individual =
- Batch sheots

Shipment forms

Logbooksa
- Snils
- Dally log

rhe operational procedures inspected should include:

-

Preparation Procedures (sample bank or analytical
laboratory)

- Drying (if used)

- Sieving

- Mixing

- Packaging

- Shipping

Housekeeping

- safaty

- Decontamination

- Evaluation of Swipe Samples
Becurity

- Forms (documents)

= . Bamples

Storage
- Sampling egquipment
- Archived samples

Check that reguired documentation has been maintained

in an orderly fashion, that each of the recorded items is
properliy categorized, and cross-checking can be easily performed,
in addition, ensure that data recording conforms to strict
dooument control protocols and the program's QA/QC Plan.
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The archived samples inspected can be categorized as
follows:

S8oil

Blanks

Bplits

Standard Reference Materjals (SRM)

Non-8oil Materials Collected with the Soil Sample

oo oan

conduct an audlt of the ar hived samples. Verify that
opriate samples exist for each entry in the logbook. rield
v1e tags should be replaced by the appropriste analytical
and chain-of-custody forms are prepared in order to

- +ansfer the samples., Detalled sample bank procedures are
cresented By USEPA Dallas ead Study 11984).

naiLY LOG

check for clear, concise entries detailing events of the day
wch as numbers of samples processed), problems encountered, and
ions taken to sclve them. This log can provide excellent
umentation of the operatlon of the Bammple Bank.,

=aMpLE BANE LOGS

aeview these logs for complete sawple information entered.
Changes made should be by crossing out so the original entry ie
ti1] visible, and initialing. 1In additién checks for the
{dent ification snd documentation of aplit and duplicate sanples,
and field and Sawple Bank blanke must be performed.

SAMPLE COLLECTION AUDITS

It is recommended that an audit of the averall QA/QC plan
for sampls documentation, collection, preparation, storage, and
transfer procedures be performed just hefore sampling starts.
whe intent of this audit is to eritically revisw the entire
sampling operation to determine the need for aany corrective
action early in the program. additicnal total program oF partial
audits cap be conducted at various times throughout the szmpling
program, '

1t is recommended that the Project Dfticer maintain a QA/QC
coordinator onsite during sample collection to monitor the
sampling team's activities, provide technical and corrective
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action suggestions to the sampling teams, and supplement
parformance asdits on sampling as needed.

FTELD AUDITS

The primary objective is to determine the status of sampiing
cperationa,. Emphasis is placed om

o

3

S

Verifying that operational aspects and procedures are in
accordance with the protocols and QA/QC plan.

Verifying the collection of all samples including
duplicates and fieid blanks,

Verifying that documentation is in order and sufficient
to sstablish the collection location of anv aamgle
collected.

Determining discrepancies that exist and initiating
corrective action as appropriate,

Collecting independent samples. .

The on-site fileld audit is to inapect 3lﬁ§1§ records nna
eguipment, Records inspected irclude:

R
b.
c.
4.
The

Chain-of~Custedy Forms
Sanple Tags

Site Description Forms
Log Books

operational procedures Inspected should include:
samyliﬁg Procvedures

Bgquipment

Technigques

Decontamination

Collection of duplicate and field blank samples
Security

Bample storage and transportation
Containaers

Contaminated waste storage and disposal
Site Description Porm entriesm

[ A O

§




DATA MAMAGEMENT AUDITS

An audit of the data management system by tracing the flow
of aspecific samplea through the system should be performed. In
icular, the abllity of the system to corractly jdaentifvy &
1e from any che of its identificatlion numbers should be
shed,

fntries in the sample bank's logbook will be the basia for
performance checks., From time to time, erroneous input
rmaticn may be used to audit the system.

TUATHING

The project leader of a s0il monitoring project is
ceaponsible for ascertaining that all members of his projept team
. adequate training and ezperience to carry out satisfactorily
v assigned missions and functions. Until a field sampling
« has worked tegether long escugh for the project leader to
varified this from first hand knowledge it is good practice,
dition to any classrcom training or experiencs, to conduct
shensive briefing sessions for all involved parties during
4 21l aspects of the sampiing protocol, dncluding the GA/QC

are presented and discussed in some detail. This approach
nelp the project personnel to develop into a team where each
. member knows his own job well and knows how it fits into ths
overall team effort. BSufficient field training ewercises should
fnillow the briefing sessione until each team member can
demonstrate successfully that he can perform his job routinely
w11 and without delay. Of course, on subseguent projects of the
same oeneral type with the same team, the training exercises may
he reduced in number or dispensed with as deemed appropriats by
the project leader. ‘

In summary, the sampling effort must include classroom and
field training programe that have provided detailed instruction
and practical experience to personnel in sample céllection
rechniques and procedures, labeling, preservation, documantation,
transport, and sample bank operational procedures. Also, special
training programs concerning procedures and program documentation
should be completed by all personnel prior to their invalvement
in the conductlion of any audits. ' ,
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